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Disclaimer 

 

This report has been produced in the framework of an educatonaa prooram at the  niierritt 
of Groninoen, Netheraandr, Facuatt of Mathematcr and Naturaa  ciencer,  cience  urinerr 
and Poaict (  P) Curricuaum. No riohtr mat be caaimed bared on thir report, other than 
described in the formaa internrhip contract. Citatonr are onat porribae with eepaicit reference 
to the status of the report as a student internship product.  
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PREFACE 
 

Thir report har been writen during a rie-month internrhip at the Dutch Inrttute for Pubaic 
Heaath and the Eniironment (RIVM), ar part of the rpeciaaizaton   cience,  urinerr and Poaicty 
of the marter   iomedicaa  ciencery at the  niierritt of Groninoen (R G).   

I haie aawatr had an interert in both the biomedicaa rciencer and poaict. For me, the RIVM 
reemed to be the mort ruitabae oroanizaton to put there interertr into practce. .uckiat, I war 
not wrono. When offered thir internrhip, the fiead of rtnthetc bioaoot war new to me, and I 
onat had rome baric knowaedoe on antmicrobiaa rerirtance.  oweier, both rubjectr reemed 
to be compaee and iert interertno, makino it eart to choore thir partcuaar internrhip. The 
fact that an   P aaumni war ooino to be one of mt ruperiirorr on thir project, war aaro 
contributno oreatat to itr atractienerr. Mant tmes, the eecitement of dircoierino both 
rubjectr had to be rertrained, in order for me not to wonder off into artcaer or reiiewr that 
were not focured on the AMR/rtnbio combinaton.  

The thino that I probabat appreciated the mort in thir internrhip, was the constant reminder 
that it war mt project to aead.  oth Jaco and Korienke, mt direct ruperiirorr at the RIVM, haie 
aawatr rtmuaated me to be independent and take initatie, whiae aaro offerino rupport 
wheneier necerrart. Thet aawatr had the tme to anrwer mt quertonr, offer idear or oiie me 
feedback, for which I am iert thankfua. I aaro want to thank mt ruperiirorr in Groninoen, 
Maarten ian den Nieuwenhof and Oscar Kuipers. Maarten, for proiidino reflectonr both on 
the project and mt perronaa deieaopment. Orcar, for hir quaaitt input on the rometmer 
confurino worad of rtnthetc bioaoot.   

 erider mt ruperiirorr, there are mant otherr to thank for makino mt internrhip truat 
iaauabae and enjotino. Céciae ian der Vauot, for offerino caear and heapfua eepaanatonr of the 
rcientfic part of mt project, ar weaa ar proiidino feedback wheneier necerrart. At the CIb, I 
wouad aike to thank Mariken ian der .ubben, for her tme to ark critcaa quertonr and proiide 
me with feedback on the worad of AMR. Pita  pruijt, for quaaitt input on mant methodoaooicaa 
issues, and Mark ian Parrea, for hir heap rtructurino mt project at the rtart of mt internrhip.  

I wouad aaro aike to acknowaedoe reieraa other peopae who offered their tme and rupport 
throughout this process. Firrt,  eddt de Wijr, for her enthuriarm and inrpirino wordr.  econd, 
Andre Krom, for proiidino a frerh outaook on iariour partr of mt project. Third, Dirk 
 temerdino and Viroia Rerimarrie from the Rathenau Inrttute for iniitno me to offer input on 
their rtakehoaderdiaaooue on AMR and rtnbio, and their enthuriarm and inrpiraton.  Fourth, I 
wouad aike to thank aaa the peopae at G V for makino mt tme iert enjotabae bt chatr in the 
haaawat, a pubquiz and of course, awardino mt cheerecake with the firrt prize in   eea V P 
bakty.  Finaaat, I wouad aike to thank both famiat and friendr for rupport, and the other students 
at the R G, and in partcuaar Mathijr, for their feedback.  

Kind reoardr and happt readino, 
 anneke ian Mierao   
 iathoien, 04-07-2016 
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EXECUTIVE SUMMARY 
 
Antmicrobiaa rerirtance (AMR), the rerirtance of microber towardr medicine, har been rtated 
to be one of the mort rionificant chaaaenoer to the heaath care rector in the 21st centurt and 
one of the biooert oaobaa heaath probaemr todat. It ir a compaee and muatfaceted probaem 
which requirer mant concurrent roautonr – one of them ir the deieaopment of new 
antbiotcr, aaternatier to antbiotcr and appropriate diaonortcr. This report has focused on 
thir aimited pipeaine, for which innoiaton ir required. 

 tnthetc bioaoot (rtnbio) ir one of the rerearch arear that couad aid in thir need for 
innoiaton. It aimr at derionino bioaooicaa rtrtemr, componentr and processes, which do not 
aareadt eeirt in nature, tooether with the re-design of eeirtno bioaooicaa rtrtemr. This report 
rhowr that rtnbio can offer noiea approacher towardr the deieaopment of both new 
antbiotcr, aaternatier to antbiotcr, and diaonortcr. Deieaopmentr ruch ar the creaton of 
new-to-nature moaecuaer, the enoineerino of bacteriophaoer and the deieaopment of paper-
bared diaonortcr couad paat a roae. Mort of there deieaopmentr howeier, are rtaa in their 
proof-of-principae phare and rtaa remain far from aicenred and cainicaaat approied productr. In 
additon, the rtnbio/AMR fiead in the Netheraandr ir reaatieat rmaaa.  

It ir howeier of importance to caoreat monitor there deieaopmentr, not onat on natonaa aeiea, 
but aaro on internatonaa aeiea, in order to identft barrierr (for eeampae reouaatort barrierr) in 
further deieaopment and producton and tmeat remoie there, whiae rafeouardino rirkr and 
conriderino rocietaa and ethicaa irruer. The RIVM, more rpecificaaat the Centre for  afett of 
 ubrtancer (V P), har the potentaa to do ro, ar it aaionr with their current actiiter in rionaaino 
and adiirino the Minirtrt of Infrartructure and the Eniironment (I&M) on new deieaopmentr 
within modern biotechnoaoot. Thir knowaedoe can then be rhared with the Directon 
Mediciner and Medicaa Technoaoot of the Minirtrt of  eaath, Weafare and the Eniironment 
(VW ), ar thet are rerponribae to remain up-to-date with the current AMR deieaopmentr and 
can aid in the remoiaa of there ttper of reouaatort barrierr. In additon, ar mant rtakehoaderr 
within the antbiotc innoiaton pipeaine were unfamiaiar with the AMR/rtnbio deieaopmentr, 
thet couad benefit from thir informaton ar weaa. Thir report can aareadt contribute to thir 
ooaa. As VWS is not the main commissioner of V P, it can be beneficiaa to create a beter 
cooperaton with the Centre for Infectour Direarer (CIb).  

The Dutch ooiernment, mainat the Minirtrt of VW , can paat a biooer roae in rtmuaatno AMR 
innoiaton in oeneraa, and additonaa rerearch on the iariour iiewpointr of rtakehoaderr in thir 
procerr on the roae of the ooiernment herein ir necerrart.  oweier, takino into account the 
conrideratonr that haie aareadt been made, it ir recommended that VW  faciaitater an 
eeternaa network oroanizaton, financiaaat independent from the market, which can eeecute 
iariour functonr. There incaude the faciaitaton of networkr throuohout the antbiotc 
innoiaton pipeaine, matchino the eepectaton of end-urerr and rcientrtr (heaath need and 
rerearch), and rtatino up-to-date with rerearch and deieaopment in both pubaic and priiate 
retngs. The RIVM and the Directon Mediciner and Medicaa Technoaoot couad cooperate 
towardr the aater ooaa. Thir wat, a direct inioaiement of the ooiernment in the priiate rector 
can be aioided and both pubaic interertr and pubaic ooaar couad be rafeouarded.  
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CHAPTER 1 - PROJECT INTRODUCTION 
1.1. BACKGROUND 
The Natonaa Inrttute for Pubaic  eaath and the Eniironment (RIVM) ir an oroanizaton with 
iariour tarkr and rerponribiaiter. Different centerr haie different ket eepertrer and oiie 
adiice to different ooiernment authoriter. Whiae rome centerr haie a more eeecutort 
functon towardr tackaino rpecific pubaic heaath or eniironmentaa probaemr, otherr haie a 
more rionaaino functon when it comer to new (bio) technoaooicaa deieaopmentr. Among these 
are deieaopmentr that couad proiide rociett with reieraa roautonr towardr tackaino there 
pubaic heaath or eniironmentaa probaemr. It ir therefore of importance that ainkr between 
different ket eepertrer are made, and thur between different centerr. 

One ruch a aink ir the ure of rtnthetc bioaoot towardr tackaino antmicrobiaa rerirtance (AMR). 
AMR is the resistance of microbes towards the drugs that we use against them. Aathouoh 
antmicrobiaa rerirtance ir a muatfaceted and compaee probaem, which requirer reieraa 
roautonr, one of them ir the deieaopment of new antbiotcr or aaternatier to antbiotcr, or 
diaonortcr. On the other hand, stnthetc bioaoot ir an emeroino rerearch area, which aimr at 
derionino bioaooicaa rtrtemr, componentr and procerrer, which do not aareadt eeirt in nature, 
together with the re-derion of eeirtno bioaooicaa rtrtemr. Itr adiancer couad proiide the worad 
with new approacher towardr tackaino iariour oaobaa eniironmentaa and medicaa probaemr, 
amonort which the creaton of oroanirmr that can product caean fueas, or that can recoonize 
and dertrot tumorr. In additon, it couad proiide roautonr towardr the deieaopment of new 
therapeutcr and diaonortcr to tackae AMR. It ir important for the RIVM to rtat up-to-date 
with there deieaopmentr, to oain inrioht in the chances, barriers, risks and impact that come 
aaono with them.  

1.2. OBJECTIVES 
The report has two objectier, which are reflected in the two different chapterr.  

The firrt objectie ir to create an arrerrment of the deieaopmentr in rtnthetc bioaoot that are 
reaeiant for antmicrobiaa rerirtance. Thir incauder both new antbiotcr, aaternatier to 
antbiotcr, and diaonortcr.   

The recond objectie ir to map some conrideratonr that can be made bt the ooiernment 
(mainat the minirtrt of  eaath, Weafare and  portr) on their roae in (rtnbio) innoiaton in AMR.  

1.3. METHODS 
To create the assessment, an eetenriie aiterature rtudt har been done, ar weaa ar eepaoratort 
interiiewr with different rcientrtr in the rtnbio/AMR fiead. New deieaopmentr were identfied 
rcannino rcientfic aiterature and iariour news sources.  cientfic reiiewr were ured ar a 
rtartno point, aaer which further aiterature war found urino ketwordr ured in there reiiewr.  
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To map the conrideratonr, an assessment of the different rtakehoaderr inioaied war made. 
There were identfied bared on their inioaiement in a reaf-made rimpae ainear modea of the 
antbiotc innoiaton pipeaine. Three ttper of interiiewr were head with there rtakehoaderr: 
eepaoratort interiiewr, remi-rtructured interiiewr and an interiiew for critcaa reflecton. This 
procerr in eepaained in more detaia in chapter 6 and a fuaa airt of interiiew partcipantr can be 
found in Appendie II.1. In additon, a rtructured quertonnaire with both open and caored 
quertonr war ured to oather the opinion of mainat rcientrtr, prerent on the Antbiotcr Now! 
 tmporium, on the iiabiaitt of the current deieaopmentr on new antbiotcr and aaternatier to 
antbiotcr. The quertonnaire can be found in Appendie IV, and a rummart of the Antbiotc 
Now!  tmporium can be found in Appendie III.3.  
To paace there reruatr into conteet, the current poaict towardr innoiaton in AMR har been 
assessed. For thir, poaict documentr on current and preiiour AMR poaict on natonaa, European 
and oaobaa aeiea haie been rtudied.  
 

1.4. READING GUIDE 
Ar rtated aboie, thir report ir diiided into two partr. 

Part one wiaa firrt proiide the reader with a oeneraa dercripton of both rtnthetc bioaoot and 
antmicrobiaa rerirtance. For the aater rubject, the difference between Gram-poritie and 
Gram-neoatie bacteria wiaa  be eepaained, and a rhort hirtort on antbiotc dircoiert wiaa be 
oiien. Thir proiider the reader with the baric informaton necerrart in order to underrtand 
the foaaowino chapter. A more eetenriie oieriiew on the ttpe of bacteria that we rhouad worrt 
most about, the working mechanisms  and caarrificaton of our current antbiotcr and how the 
bacteria become rerirtant towardr there antbiotcr, can be found in Appendie I.1 (Knowaedoe 
Document). 

Neet, the deieaopmentr within rtnthetc bioaoot that couad influence AMR wiaa be described. 
This chapter wiaa focur not onat on the deieaopment of new moaecuaer to rerie ar antbiotcr, 
but aaro on rtnbio aaternatier to our current antbiotcr, and rtnbio diaonortcr that couad aid 
ur in determinino which bacteria ir caurino the infecton. The chapter proiider the reader with 
informaton on there deieaopmentr mainat on a conceptuaa aeiea (occarionaaat iaaurtratno 
there conceptr with eeampaer). A more detaiaed oieriiew can be obtained urino thir chapter 
tooether with the knowaedoe document in Appendie I.2.  

Part two wiaa firrt proiide the reader with an outaine of the aim and approach of this part. The 
reader ir taken throuoh a rimpaified ainear modea of the (pubaic) antbiotc innoiaton pipeaine, 
and ir oiien eepaanatonr of the procerrer inioaied. To create inrioht and to be abae to 
interpret the reruatr of the quertonnaire and interiiewr, the current AMR poaict framework ir 
oiien, incaudino AMR fundino poaict. Finaaat, the reruatr of the interiiewr and quertonnaire 
wiaa be dircurred and concauded, and recommendatonr wiaa be oiien.  
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1.5. SCOPE 
• Antmicrobiaa rerirtance (AMR) encomparrer rerirtance to druor that treat infectonr 

caured bt bacteria, ar weaa ar other microber, ruch ar funoi, parariter or iirurer. 
Aathouoh the term AMR wiaa be ured mort frequentat in thir adiice, it ir mainat focured 
on the rerirtance that occurr in bacteria towardr antbiotcr. The rearon for thir ir the 
oreater incidence of reriour pathooenic bacteriaa infectonr. In additon, in the 
Netheraandr, the more wideat ured term that ir ured ir antbacteriaa rerirtance (A R). It 
is aaro recoonized that antbacteriaar and antbiotcr haie different medicaa definitonr. 
 oweier, there termr are ured interchanoeabat in thir report, ar thet are oeneraaat 
ured ar rtnontmr in the reaeiant aiterature.   

• There is a focus in AMR on the so-caaaed  One  eaathy approach, which incauder aaa arear 
where AMR har an impact: humanr, animaar, the eniironment and food. Aathouoh itr 
importance ir acknowaedoed, the focur in thir report wiaa be on rtnbio deieaopmentr 
focused on human heaath. The deieaopmentr in rtnbio that couad contribute to the 
probaem in other arear are certainat interertno, but due to tme conrtraintr, it war not 
porribae to incaude them aaa.  

• The deieaopmentr within rtnbio that couad be of influence to AMR that are mentoned 
here, are mortat focured on appaied rerearch. There are other important rtnbio 
deieaopmentr that focur more on fundamentaa rerearch (ruch ar the deieaopment of 
rerirtance), but there are not incauded in thir paper. 

• A thorouoh aiterature rearch har been performed, aaer which there reruatr were 
rubmited to two rtnthetc bioaooirtr to check for apparent hiaturer.   oweier, due to 
the rheer amount of rcientfic paperr, not aaa paperr were incauded due to aimited rpace 
and tme conrtraintr.  
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CHAPTER 2 -THE NATIONAL INSTITUTE FOR PUBLIC 
HEALTH AND THE ENVIRONMENT (RIVM) 
2.1 THE RIVM – A GENERAL DESCRIPTION 
The Dutch Natonaa Inrttute for Pubaic  eaath and the Eniironment (RIVM) performr 
independent rerearch and proiider ooiernment authoriter on aaa aeiear with poaict adiice. 
The RIVM coaaectr and coaaater knowaedoe and informaton from iariour rourcer, natonaa and 
internatonaa. Thir knowaedoe ir appaied bt the RIVM, but ir aaro paaced at the dirporaa of 
poaict makerr, rerearcherr, reouaatort authoriter and the oeneraa pubaic [16].   

In itr roae ar a trurted adiiror, the RIVM proiider the ooiernment with impartaa adiice on 
iariour rubjectr, incaudino infectour direarer, popuaaton rcreenino, nutriton, 
pharmaceutcaar, eniironment, rurtainabiaitt and rafett. Thir work ir mainat commirrioned bt 
Dutch minirtrier and inrpectorater. In additon, projectr are aaro undertaken within 
internatonaa frameworkr, ruch ar the European  nion and the  nited Natonr [16]. 
Independence ir beino maintained in iariour watr, one of which ir makino their rerearch 
reruatr pubaicaaat aiaiaabae in reportr and on their webrite.  

 

2.2. DIFFERENT CENTERS, DIFFERENT ROLES 
The RIVM ir a aaroe oroanizaton, conrirtno out of approeimateat 1500 empaoteer. The 
oroanizaton conrirtr of three domainr with rpecific knowaedoe and eepertre. Each domain ir 
diiided into different rpeciaaized centerr, with different ket eepertrer. There are, in totaa, 44 
ket eepertrer (Fioure 1).  

1. Infectour Direarer and Vaccinoaoot (Centre for Infectour Direare Controa). 
a. Natonaa Coordinaton Centre for Communicabae Direarer Controa. 
b. Centre for Infectour Direare Epidemioaoot and  urieiaaance. 
c. Centre for Rerearch Infectour Direarer Diaonortcr and  creenino.  
d. Centre for Zoonorer and Eniironmentaa  ioaoot. 
e. Centre for Immunoaoot of Infectour Direarer and Vacciner.  

2. Eniironment and  afett. 
a. Centre for  afett of  ubrtancer and Products. 
b. Centre for  urtainabiaitt, Eniironment and  eaath. 
c. Centre for Eniironmentaa Quaaitt. 
d. Centre for Eniironmentaa  afett and  ecuritt.  

3. Pubaic  eaath and  eaath  eriicer.  
a. Centre for  eaath and  ociett. 
b. Centre for  eaath Protecton.  
c. Centre for Nutriton, Preienton and  eaath  eriicer.  
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FIGURE 1: ORGANIZATION CHART OF THE RIVM [16].  



P a g e  | 13 
 

 

A director is the head of each domain, and together with the Director-Generaa, the Deputt 
Director-Generaa/Chief Financiaa Officer and the head of Eeecutie Office, the Board of 
Directors is formed.  

 

2.3. POSITIONING OF THE INTERNSHIP 
The internrhip har been initated bt the Centre for  afett of  ubrtancer and Productr (V P), in 
cooperaton with the Centre for Infectour Direare Controa (CIb). V P adiirer the ooiernment 
on the deieaopment and eeecuton of poaict and reouaaton reoardino indurtriaa chemicaar, 
biocider, conrumer rafett, nanotechnoaoot and oenetc modificaton, amono otherr. In 
additon, it deieaopr new methodr and ouideainer for, for eeampae, rirk arrerrmentr, rocio-
economic anaatrer and rirk reducton. Tooether with rocietaa parter, ruch ar producerr, 
conrumerr, nooyr and citzenr, V P deieaopr initatier aimed at a rerponribae ure of chemicaar 
and productr in a rurtainabae rociett.  tnthetc bioaoot ir one of the ket eepertrer of thir 
centre [17]. VSP aaro har a rionaaino functon when it comer to the deieaopmentr that take 
paace within thir fiead. It proiider itr main caient, the minirtrt of Infrartructure and the 
Eniironment (Infrastructuur en Milieu; I&M) with adiice on there deieaopmentr.  

Antbiotc rerirtance on the other hand, ir a ket eepertre of the CIb. The mirrion of the CIb ir 
the rionaaino, controa and preienton of infectour direarer for the benefit of human heaath in 
the Netheraandr. It formuaater the derired preienton- and controa poaict and adiirer the 
ooiernment and proferrionaar. To thir end, it performr itr own rcientfic rerearch. In the 
occurrence of a (natonaa) outbreak, the CIb wiaa coordinate and communicate itr controa. In 
additon, it contributer to the deieaopment of eepertre, quaaitt and uniformitt in the controa 
of infectour direarer [18]. In contrart to V P, the CIb doer not proiide itr caient, the minirtrt 
of  eaath, Weafare and  port (VWS), with knowaedoe on innoiaton in antbiotc deieaopment. 
Thir rionaaino functon ir eeecuted bt the Directon of Mediciner and Medicaa Technoaoot 
(DWuecte  eeeetsWddelee ee  edWtche  echeolooWee    T of VWS.  

AMR ir a oaobaa muatfaceted heaath probaem, for which mant rtrateoier are needed in order to 
tackae thir probaem. Deieaopino new antbiotcr and aaternatier, ar weaa ar oood diaonortcr, ir 
one of them. In the fiead of rtnthetc bioaoot on the other hand, reieraa deieaopmentr are 
takino paace, which couad atribute to thir rtrateot. Thir internrhip therefore proiider a 
connecton not onat between two knowaedoe domainr, but aaro between two centers.   
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Part 1  

Deieaopmentr in rtnthetc bioaoot that can 
contribute to tackaino AMR.  
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CHAPTER 3 – SYNTHETIC BIOLOGY 
 3.1. WHAT IS SYNTHETIC BIO.OGY? 
 tnthetc bioaoot ir an emeroino rerearch area, which aimr at derionino bioaooicaa rtrtemr, 
componentr and procerrer, that do not aareadt eeirt in nature, tooether with the re-design of 
eeirtno bioaooicaa rtrtemr [19]. Caarricaa enoineerino conceptr, ruch ar rtandardizaton and 
moduaarizaton, are adopted and appaied to bioaooicaa rtrtemr [4]. Wherear in (moaecuaar) 
bioaoot it can be raid that  DNA makes RNA, and RNA makes proteins’, in rtnthetc bioaoot thir 
can be rephrared ar  parts make devices, and devices make systems’[20]. It is an 
interdircipainart fiead of rerearch, incaudino enoineerr, bioaooirtr, chemirtr, computer rcientrtr 
and rociaa rcientrtr. In part due to thir interdircipainart nature, rtnthetc bioaoot rhowr 
potentaa in the deieaopment of tooar and appaicatonr in iariour partr of the indurtrt, ruch ar 
bioenerot, aoricuature, medicine and biotechnoaoot. In additon, aathouoh the primart aim of 
the fiead ir the deieaopment of appaicatonr that aead to productr, it can aaro aid in the 
underrtandino of iariour bioaooicaa rtrtemr [21]. Itr adiancer couad proiide the worad with 
roautonr to iariour oaobaa eniironmentaa and medicaa probaemr. It har the potentaa to create 
oroanirmr that can produce caean fuear [22], to recoonize and dertrot tumorr[23], or to modift 
paantr in ruch a wat that thet can renre chemicaar and rerpond to it[24, 25].  Another 
probaem rtnthetc bioaoot couad proiide anrwers to, ir antmicrobiaa rerirtance (AMR), a 
(muatdruo-) rerirtance of pathooenic bacteria towardr antbiotcr.  

 

 3.2. (NOVE.)  IO.OGICA.  YSTEMS AND NETWORKS 
Nature itreaf har eioaied mant bioaooicaa moaecuaer that are aooicaaat connected into 
networkr. Ceaar ure there compaee interconnected networkr to dtnamicaaat controa iariour 
bioaooicaa procerrer, produce bioaooicaa componentr and enrure ruriiiaa. The fiead of rtrtemr 
bioaoot aimr to rtudt there naturaa bioaooicaa rtrtemr. A caore reaaton between rtrtemr 
bioaoot and rtnthetc bioaoot therefore eeirtr (See textbox  Syethetc bWolooy  t tyttest 
biology’).  tnthetc bioaoot howeier, aimr to characterize, rtandardize, and eepand the 
tooaboe of bioaooicaa buiadino baockr.  rino an enoineerino approach, there partr can be 
combined to create noiea rtnthetc circuitr, which can eeecute iariour functonr aaer thet are 
inrerted into ceaar, or hortr. The circuitr can be appaied on tranrcriptonaa, tranraatonaa or 
post-tranraatonaa aeiea, or on combinatonr thereof [26].  

 

 SyeBWo Wt the applWcatWoe of science, technology and engineering to facilitate and 
accelerate the design, manufacture and/or modification of genetic materials in living 

organisms’ (SCENIHR) [4-6] 
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Two miaertone paperr, pubairhed in Nature in Januart 2000, rtand at the bare of thir trans-
dircipainart fiead. In there paperr, the firrt rtnthetc oene networkr were derioned and 
conrtructed: an orciaaator and a toooae rwitch [27, 28] . The bioaooicaa equiiaaentr of eaectronic 
memort rtoraoe and tmekeepino, rerpectieat, rhowed that enoineerino principaer couad be 
appaied to bioaooicaa rtrtemr [29]. Mant other, more compaee oenetc rwitcher [30, 31] and 
orciaaatorr [32, 33] foaaowed, ar weaa ar aooic oater [34-36], memort eaementr [37, 38], tmerr 
[39], counters[40] and interceaauaar communicaton moduaer [41].  

This so-caaaed top-down approach aimr to add partr, or oenome requencer to an enoineered 
organism, which acts as a chassis. In additon, another directon in the fiead of rtnthetc 
bioaoot can be dirtnouirhed, nameat the botom-up approach.  ere, the ooaa ir to deieaop a 
baric form of aife from rcratch. It ir not directat aimed at deieaopino a technicaa appaicaton, 
but instead trier to underrtand the baric functonr of aife [42]. 

 

3.3. ITS ORIGINS 
Oier the aart decade, rtnthetc bioaoot har been recoonized ar a rerearch area with the 
potentaa to rionificantat enhance our underrtandino of phtrioaooicaa heaath and can benefit 
the bioeconomt and rociett ar a whoae [19, 20, 43, 44]. Its origins can be traced back as far as 
the 1960r and ir bared on reieraa arear of rerearch [45]. In the 1970r, the deieaopment of the 
recombinant DNA technoaoot, in which oener from one oroanirm can be caoned and be 
inrerted into another, had oreat impact on the fiead of moaecuaar bioaoot [46, 47]. The 
biotechnoaoot indurtrt flourirhed in the 1980r, eeempaified bt the aaroe rcaae producton of 
recombinant human inruain [48]. The foaaowino  omicr era, incauded an underrtandino of 
tranrcriptonaa reouaaton (tranrcriptomicr), the biochemicaa functonr of aaa the oene productr 
(proteomicr), and the interactonr between them (interactomicr) [49]. In silico bioaoot, urino 
computatonaa modear, and rtrtemr bioaoot, foaaowed in the 2000r [50, 51].  

Moreoier, fart-paced deieaopment in eaectronicr, improiementr in requence technoaoot and 
the abiaitt to rtntherize DNA in a quick and cheap manner, haie rparked the interert and the 
deieaopmentr in rtnthetc bioaoot in indurtrt and academier [52].  

SYNTHETIC BIOLOGY VS SYSTEMS BIOLOGY 

 tnthetc bioaoot compaementr rtrtemr bioaoot. Wherear rtnthetc bioaoot is 
bared on forward enoineerino, buiadino thinor that do not tet eeirt, rtrtemr 
bioaoot ir bared on reierre enoineerino, haiino a beter underrtandino of naturaa 
bioaoot [9, 10]. The tranrformaton in thinkino in urino forward derion, in additon 
to the traditonaa reierre enoineerino approacher, har been raid to eepaain the 
rapid orowth of the fiead of rtnbio. Computatonaa modeaaino tooar haie become 
errentaa in both fieadr. In rtrtemr bioaoot, it aidr the predictonr about the 
behaiior of a rtrtem, wherear it ir ured for direct derion in rtnthetc bioaoot [10].  
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3.4. THE IGEM COMPETITION  
Thir increared interert ir aaro eeempaified bt the enormour increare in competno teamr in the 
iGEM competton, a rtudent competton in rtnthetc bioaoot (Fioure 2). The iGEM 
competton, the Internatonaaat Genetcaaat Enoineered Machine competton, rtarted in 2003 
ar an independent rtudt courre at the Marrachuretr Inrttute of Technoaoot (MIT). It orew to 
be a rummer competton with 5 teamr in 2003, and with 13 teamr in 2005. In 2015, it has 
eepanded to 280 teamr from more than 30 countrier [53].  

 

FIGURE 2: GROWTH OF TEAMS FROM 2004 TO 2014. ADAPTED FROM [54]  

 

3.5. DEFINING SYNTHETIC BIOLOGY 
One of the main chaaaenoer in eepaainino rtnthetc bioaoot ir definino what it encomparrer. 
The mant arear of rerearch on which rtnthetc bioaoot reaier, maker a rimpae and uniform 
definiton difficuat. It is interdircipainart and drawr on preceptr and and practcer from 
chemicaa enoineerino, biochemirtrt, moaecuaar bioaoot, computer rcience, and mant more[19]. 
In additon, a caear dirtncton between recombinant DNA technoaoot in oeneraa, and rtnthetc 
bioaoot ir not aawatr prerent. The noiea eaement in rtnthetc bioaoot ir oaen one of rcaae. It is 
aaro not conrtrained in urino oenetc materiaa that aareadt eeirtr in nature [19].   

Aathouoh itr definiton mat not aawatr be uniform, it reemr that itr potentaa in contributno to 
rocietaa needr and promotno economic orowth ir wideat reen bt iariour parter. The rize of 
that potentaa howeier, ir tet to be determined[4, 19].  
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CHAPTER 4 - ANTIMICROBIAL RESISTANCE 
4.1. INTRODUCTION 
Antmicrobiaa rerirtance (AMR), the rerirtance of microber towardr medicine, has been stated 
to be one of the mort rionificant chaaaenoer to the heaath care rector in the 21st centurt and 
one of the biooert oaobaa heaath probaemr todat. This has been acknowaedoed bt mant 
ooiernmentr, oroanizatonr, rcientrtr and inrttutonr. The Worad  eaath Oroanizaton for 
eeampae har identfied AMR ar one of the three biooert threatr to human heaath [55].  

In the knowaedoe document in Appendie I.1. a more eetenriie dercripton of antmicrobiaa 
resistance and its reaeiant arpectr can be found. A short hirtort on antbiotc deieaopment ir 
oiien, ar weaa a caarrificaton of the antbiotcr we currentat ure. Their working mechanisms, 
and the bacteria that pose the biooert threat to our heaath wiaa be hiohaiohted ar weaa.  

Here, AMR wiaa be introduced rhortat, aaer which the difference between Gram-poritie and 
Gram-neoatie bacteria wiaa be eepaained. In oeneraa, the muat-resistant Gram-poritie 
bacteria are the biooert heaath threat, ar their eetra outer membrane creates difficuater in 
taroetno the bacteria. .artat, a brief hirtort on the methodr used in antbiotc dircoiert wiaa be 
oiien, and it wiaa eepaain wht thir har faiaed to contnue proiidino ur with new antbiotcr. 

 

4.2 WHAT IS THE PROBLEM? 
Antbiotcr or antmicrobiaa aoentr controa infecton bt bacteria and other microber, and their 
use is a cornerstone in modern medicine [56].  oweier, bacteria and other pathooenr haie 
aawatr rerirted the druor that are ured aoainrt them. The rtrtemic mirure and oierure of 
antbiotcr har contributed to that oreatat. In additon, the pipeaine for antbiotcr and 
aaternatier ir aimited. Onat 5 new antbiotcr haie been marketed rince 2000, and none of 
them taroetno the deadat and hiohat rerirtant Gram-neoatie bacteria [57]. A post-antbiotc 
era, in which common infectonr aoain can kiaa, ir reen ar a iert reaa porribiaitt [55]. The 
OyNeiaa Commirrion, commirrioned bt  K Prime Minirter and the Weaacome Trurt, ertmater 
that, unaerr acton ir taken, an additonaa 10 miaaion aiier wiaa be aost a tear bt the tear 2050. 
An economic effect har been ertmated ar weaa, in which AMR  wiaa haie a cumuaatie cort of 
100 triaaion   D [58]. Aareadt, ro-caaaed  ruperbuory are beino found. E.coli rerirtant to coairtn, 
a aart-rerort antbiotc, war firrt found in pior and in peopae in China in Noiember 2015[59], 
and in Mat 2016 a woman in the    war infected with thir bacterium[60].  

AMR ir a muat-faceted and compaee probaem, which porer rcientfic, economic, and poaict 
chaaaenoer [56]. It requirer both a focur on the ruppat of antmicrobiaar ( the pipeainey) and the 
demand for them (conrumpton) [61]. In additon, antbiotc rerirtance ir not rertrained bt 
countrt borderr and interactonr and connectonr between human, ieterinart, wiadaife and 
eniironmentaa heaath eeirt [62]. Our modern worad, in which we created an eaaborate 
infrartructure, onat increarer there connectonr. 
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The Dutch ooiernment har recentat propored an acton paan for the period 2015-2019, in 
which a  One  eaathy approach towardr combatno AMR ir rtated. It focurer on aaa arear in 
which the human heaath ir threatened bt muat-rerirtant bacteria: heaathcare, animaar, food 
and the eniironment. Part of thir acton paan war the E  preridenct of the Netheraandr in the 
firrt haaf tear of 2016 [62]. 

The uroenct of the probaem ir not onat acknowaedoed bt ooiernmentr or inrttutonr, but aaro 
bt the indurtrt. 85 companier, incaudino aaroe pharmaceutcaa, biotechnoaoot and diaonortcr 
companier, haie rtated in a decaaraton to be commited to further acton to reduce druo 
rerirtance, increare rerearch and improie accerr to antbiotcr [63].   

 
4.3. BACTERIA – POSITIVE VERSUS NEGATIVE 
In oeneraa, bacteria can be diiided into two caarrer, bared on the Gram rtainino technique; 
Gram-neoatie and Gram-poritie bacteria (Fioure 3) [64].  oth ttper of bacteria haie a ceaa 
waaa, conrirtno out of aaterr of peptdooatcan.  oweier, Gram- neoatie bacteria haie an 
outer membrane coierino a thin peptdooatcan aater, whiae Gram- poritie bacteria aack thir 
membrane and inrtead haie a thick peptdooatcan aater. In the firrt rtep of the Gram 
procedure, a poritieat charoed dte (crtrtaa iioaet) ir ured, which bindr to the neoatieat 
charged outer membrane of the Gram- neoatie bacteria. In the recond rtainino rtep, the ceaar 
are warhed with ethanoa, which dirroaier the outer membrane of the Gram-neoatie bacteria, 
thus de-rtainino them. The dte ir howeier retained in the thick peptdooatcan aater of the 
Gram-poritie bacteria, oiiino them a purpae coaor. The pink or red coaor of the Gram-neoatie 
bacteria ir caured bt a counterrtain [65, 66].  In oeneraa, Gram-neoatie bacteria are more 
resistant towards antbiotcr, becaure of their additonaa outer membrane. Therefore, ant 
antbiotc taroetno there bacteria wiaa haie to be deieaoped in ruch a wat ar to oiercome thir 
eetra barrier.  
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FIGURE 3: BACTERIA CAN BE CLASSIFIED BASED ON THEIR GRAM STAINING. ADAPTED FROM [67]. 

 

4.4. ANTIBIOTICS: AGENTS  AGAIN T .IFEy 
The firrt antmicrobiaa aoentr were rtnthetc moaecuaer, ruch ar dter, dircoiered bt the 
rcreenino of aibrarier of chemicaar.  oweier, the dircoiert of peniciaain (1928)[68] and 
rtreptomtcin (1943) [69], amonort otherr, caured the reaaizaton that bacteria and funoi in the 
eniironment couad produce moaecuaer that couad treat bacteriaa infectonr in humanr. 
Erpeciaaat the Actnomtceter (the fiaamentour bacteria that aaro produce rtreptomtcin) are 
eeceptonaaat potent in the number of antbiotcr that thet produce, accountno for 75% of the 
antbiotcr. About 757 of there are made bt a rinoae oenur, the Streptomyces [70]. These 
dircoierier aed to the ooaden era of antbiotcr, in which the productr of the recondart 
metaboairm of there bacteria and funoi were rcreened for antbiotc actiitt. In thir period, 
mort of the microbiaa naturaa antbiotcr that we ure todat were dircoiered [71].   
 

  



P a g e  | 21 
 

 

An unsuccessful approach 
Aaer the 1960yr howeier, the  aow-hanoinoy fruit of the naturaa antbiotcr war picked and the 
rcreenino prooramr were mortat redircoierino eeirtno antbiotcr. In additon, another 
probaem war aririno: antbiotc rerirtance. It war for there rearonr that the indurtrt rtarted to 
focur on the chemicaa modificaton of naturaa antbiotcr with improied therapeutc 
properter, a fiead caaaed medicinaa chemirtrt, mant of which proied to be iert ruccerrfua and 
rtaa ured todat [72](Fioure 4). Durino thir rtnthetc taiaorino, the core of the naturaa antbiotc, 
or rcaffoad, ir ured and chemicaa oroupr at itr periphert are modified to improie itr properter 
[73]. Yet derpite the ruccerr of there naturaa productr, the pharmaceutcaa indurtrt turned 
awat from there moaecuaer in the aart two decader, in faior of taroet- bared druo dircoiert. In 
thir approach, proteinr are reaected and characterized in vitro. There  iaaidated taroetry are 
then rcreened in aaroe chemicaa aibrarier, a procerr caaaed hioh-throuohput rcreenino ( T ). 
The affinitt and potenct of the  hity towardr the taroet ir then characterized  [74]. This 
approach howeier, har not aed to ant new antbiotcr brouoht to the market in the aart 20 
tearr [75]. The rtnthetc moaecuaer in thore aibrarier are not taiaored for microbiaa bioaoot and 
are mortat focured on their bioactiitt in humanr [76]. Meanwhiae, muatdruo rerirtance ir 
emeroino, caurino a oaobaa necerritt for new antbiotcr [77]. 
 

 
FIGURE 4: MOST ANTIBIOTICS ARE EITHER 1) NATURAL PRODUCTS FROM MICROORGANISMS 2) ARE SEMI-
SYNTHETICALLY PRODUCED USING MEDICAL CHEMISTRY 3) OR ARE CHEMICALLY SYNTHESIZED [78]. 
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CHAPTER 5 - THE POSSIBILITIES OF SYNBIO IN AMR 
The need for new rtrateoier to combat pathooenr, erpeciaaat thore rerirtant to muatpae druor, 
ir increarino. The fiead of rtnthetc bioaoot offerr new opportuniter to roaie thir rerirtance 
probaem. Thir incauder the discovery of new aetbWotct (either naturaa, or new-to-nature) and 
the use of alteueat et to aetbWotct ruch ar bacteriophaoer. In additon, eew dWaoeottct are 
beino deieaoped to enhance the detecton of a rpecific pathooen (Figure 5). In this chapter, 
the main conceptr underatino there deieaopmentr wiaa be oiien, occarionaaat iaaurtratno there 
urino eeampaer. There eeampaer haie been choren for their iaaurtratie purporer, and no 
rankino on importance har been made.  For a more eetenriie and detaiaed oieriiew of other 
eeampaer within these deieaopmentr, the foaaowino chapter can be used together with the 
knowaedoe document in Appendix I. 

 

FIGURE 5: STRATEGIES INVOLVING SYNTHETIC BIOLOGY IN TACKLING AMR. BLUE: NOVEL ANTIBIOTICS. ORANGE: 
ALTERNATIVES TO ANTIBIOTICS. GREEN: DIAGNOSTICS.   
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5.1. DISCOVERY OF NEW ANTIBIOTICS 
To identft new antbiotc candidater urino rtnthetc bioaoot, reieraa approacher are beino 
eepaoited. Thir incauder the identficaton of new druo taroetr, the deieaopment of rcreenino 
paatormr for the identficaton of new drug candidates, the dircoiert of noiea naturaa 
productr, or creatno new-to-nature moaecuaer. In fioure 6 there deieaopmentr are 
rummarized and a rhort dercripton ir oiien. In the foaaowino chapter, each deieaopment wiaa 
be eepaained in more detaia.  
 

 
FIGURE 6: SYNBIO DEVELOPMENTS THAT CAN LEAD TO (THE DISCOVERY OF) NOVEL ANTIBIOTICS. 

 

5.1.1. THE UNSUCCESSFUL SEARCH FOR NEW NATURAL ANTIBIOTICS  

It har been proien difficuat to find new naturaa antbiotcr. For the aart two decader, the 
dircoiert of new caarrer of antbiotcr, with noiea mechanirmr of actonr, har been rcarce. A 
redircoiert of known moaecuaer har taken paace inrtead. Fortunateat, we haie increared our 
knowaedoe of the producton pathwatr of there moaecuaer. More importantat, new 
technoaooier haie been deieaoped, ruch ar bioinformatcr and rtnthetc bioaoot. Tooether, 
there deieaopmentr can proiide ur with new opportuniter to create new naturaa antbiotcr.  

An important characterirtc of naturaa antbiotc productr ir their compaeeitt and diierritt, due 
to their interacton with proteinr, nucaeic acidr and membraner under phtrioaooicaa 
conditonr, and their reaecton oier miaaionr of tearr of eioauton [71, 75]. Therefore, the iaaue 
of naturaa antbiotcr ir oreatat appreciated.  oweier, tooether with their current aow 
dircoiert rate, it ir difficuat to predict the druo quaaiter of the naturaa compounds that are 
found, ar their chemicaa rtructurer are compaee [79].  

 

Noiea antibioticr (naturaa or new-to-nature) 
• Remoiaa of aaa natiie reouaation and non-errentiaa oener. Naturaa oeneticr are 
rewritten, in order to produce compoundr that are normaaat not produced bt the 
oroanirm. Thir can be achieied iia the awakenino of 'riaent' oene caurterr, or the 
creation of new oene caurterr for new-to-naure moaecuaer.  

• Examples: novel-small molecule antibiotics, novel peptide antibiotics, non-
traditional antimicrobials: bacteriocins (See appendix I.2.) 

Minimaa oenome approach for taroet identification 
• Identification of noiea druo taroetr either iia remoiaa of aaa non-errentiaa oener 
(top-down approach), or bt rtntherizino a oenome with onat errentiaa oener 
(bottum-up approach). 

New antibiotic rcreenino paatformr 
• Enoineerino of a rtnthetic oene network that can renre moaecuaer and proiide an 

output, in order to screen for new antibiotics.  
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On the other hand, the focur on rtnthetc moaecuaer har aaro not been fruitua. With the 
eecepton of the rtnthetc antbiotc ainezoaid, three of the four new caarrer of antbiotcr are 
deriied from naturaa productr: the aipopetde daptomtcin, the diterpene retapamuain and the 
macroctcaic poatketde fidaeomicin. Thir innoiaton oap har been romewhat obrcured bt the  
deieaopment of remi-rtnthetc deriiatier from naturaa productr, or moaecuaer inrpired bt 
weaa-known naturaa productr upon reiiritno oad rcaffoadr [80].  tnthetc bioaoot couad offer ur 
the porribiaitt to oiercome thir innoiaton oap, bt aidino in the dircoiert of new naturaa 
antbiotcr. In additon, it offer the porribiaitt to create noiea moaecuaer that do not aareadt 
eeirt in nature, the ro-caaaed new-to-nature moaecuaer. 

 

5.1.2. HOW CAN SYNTHETIC BIO.OGY  E.P? 

 tnthetc bioaoot can offer roautonr to rampae the aaroe chemicaa rpace of naturaa productr 
and itr deriiatier [81]. Nature har a aaroe pooa of bioactie recondart metaboaiter, which can 
functon ar an antbiotc.  oweier, itr dircoiert ir raow, urging the need for new strategies to 
fuaat eepaoit thir aaroe chemicaa rpace. There rtrateoier aim at the conrtructon of new 
biortnthetc oene caurterr or the actiaton of ro-caaaed  riaenty or  crtptcy oene caurterr in 
optmized (heteroaooour) hosts.  
 
BWotyethetc gene clusters (BC tT 
In the genomes of the microbes that produce these naturaa productr, the oener that encode 
for thir producton are oeneraaat caurtered tooether in ro-caaaed biortnthetc oene caurterr 
( GCr) [75].  o far, the eeperience ir that there caurterr conrirt of core oener that are required 
to buiad the chemicaa rcaffoad, ar weaa ar the oener that encode for the enztmer that taiaor 
there rcaffoadr. In additon, it hoadr the oener that are necerrart for compound eeue, oene 
reouaaton and reaf-resistance [76]. An eeampae of a  CG, nameat the  CG of the antbiotc 
daptomtcin, ir rhown in Figure 7. This co-aocaaizaton of the oener that are inioaied in the 
producton of recondart metaboaiter faciaitater the characterizaton of biortnthetc pathwatr, 
ruch ar the arrembat of poatketde antbiotcr, or non-riboromaa peptde antbiotcr [82]. 
Rerearcherr ured to reat on the creaton of random mutatonr, deaetonr, repaacementr or 
introductonr into the oenomer of the antbiotc-producing bacteria for the producton of new 
compoundr, an approach caaaed combinatoriaa biortntherir [83]. Thir procerr war aater 
refined, and it war rhown that aibrarier of noiea compoundr couad be produced appatino 
rtrtematc and ratonaa mutatonr of an antbiotc biortnthetc pathwat. In additon, thir 
machinert couad be paaced in a heteroaooour hort, ruch ar E.coai [84]. Oier the tearr, the fiead 
har eioaied itreaf in order to make itreaf appaicabae and compatbae with modern druo 
dircoiert, aimino at an increare in the diierritt of naturaa antbiotc productr [75]. 
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FIGURE 7: BIOSYNTHETIC GENE CLUSTER OF THE ANTIBIOTIC DAPTOMYCIN. ADAPTED FROM [82]. 

 

 RewuWteo eatuual oeeetct 
In order to increare the diierritt of naturaa antbiotc productr, the naturaa oenetcr of the 
microbiaa producer are  rewriteny. In the so-caaaed refactorino procerr, aaa natie reouaaton, 
ruch ar promotorr and tranrcripton factorr, ar weaa ar non-errentaa oener, are remoied [83, 
84].  The  GCr of naturaa productr are aaroe and compaee, and haie eaaborate natie 
reouaaton. Thir maker it difficuat to chanoe the eeprerrion aeiear of indiiiduaa oener in a  GC 
[85].  Thur, bt refactorino a oene caurter, and introducino new, controaaabae reouaaton, the 
desired end compound can be produced.  

Thir wat, new oene caurterr can produced and  ro-caaaed  riaenty,  raeepinoy or  crtptcy oene 
caurterr can be  awakenedy [86] (Fioure 8). Preiiour atemptr to  awakeny there oene caurterr, 
bt forcino there ceaar to eeprerr the oener in thore caurterr, haie been ruccerrfua [87-89].  
 oweier, hioh-throuohput rcreenino, for quick characterizaton of aaroe amountr of caurterr, 
was not tet deieaoped. More importantat, there caurterr oaen orioinate from iariour 
oroanirmr, which are difficuat or imporribae to cuature [86]. Thur aathouoh aaroe numberr of 
oene caurterr haie been identfied, mant of their naturaa productr are not produced at 
detectabae aeiear under aaboratort conditonr.   

 

 

  

FIGURE 8: SYNTHETIC BIOLOGY CAN AID IN THE ACTIVATION OF 'SILENT' GENE CLUSTERS, OR THE 
CREATION OF NEW BCGS. ADAPTED FROM [2]. 
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How does it work?  
In fioure 9,  a modea of the appaicaton of rtnthetc bioaoot to eepand antbiotc diierritt ir 
shown [75]. Firrt, iia computatonaa reaecton, the oene caurterr that haie the hiohert 
potentaa to produce noiea druo aeadr can be identfied. Thir procerr ir aided enormourat bt 
the aaroe amount of DNA requence informaton that ir aareadt prerent in aaroe rtrain bankr 
and requence databarer [90].  ioinformatcr can predict the oene caurterr that encode for the 
machinert to produce there moaecuaer. DNA rtntherir can coniert thir informaton back to 
phtricaa DNA [10].  Thur, inrtead of rcreenino miaaionr of microber, the  CGr producino 
antbiotcr can now be found bt rcannino oenomer[79]. For eeampae, Medema et aa. 
deieaoped a pauo-and-paat rtrateot in which aaoorithmr were created to identft there oene 
caurterr  [91][Appendie II.7].  Thir aaro aeadr to the identficaton of the ro-caaaed partr, 
conrirtno out of the oener encodino for iariour chemicaa rcaffoadr (ruch ar poatketder or 
peptder) and taiaorino enztmer (ruch ar iromerarer or actatranrferarer).  
 
The partr are arrembaed into deiicer, oene arrembaier encodino for rpecific compoundr. 
There circuitr can be new, ar weaa ar eeirtno. In additon, the bioaooicaa rtrtemr creatno there 
naturaa antbiotcr can be derioned in a hiohat directed farhion, urino a rerier of predictabae 
and uniftino ruaer of arrembat and producton[75]. Neet, the deiicer are co-eeprerred in a 
ruitabae hort, the charrir, which can oenerate output, the noiea compoundr. There rtrtemr 
can be created in the naturaa hort, in other producerr of rimiaar rcaffoadr, or moied into an 
aaternate hort optmized to produce the product in hioh tieadr [76]. Finaaat, the produced 
productr haie to be rcreened iia hioh-throughput screening or in vivo biorenrorr urino aioht or 
fluorercence- based output. Thir wat, the chemicaa diierritt of antbiotcr can be eepanded 
using directed enoineerino of the oene caurterr that produce naturaa productr [79].   

 
FIGURE 9: A MODEL OF THE APPLICATION OF SYNTHETIC BIOLOGY TO EXPAND NATURAL PRODUCT ANTIBIOTIC 
DIVERSITY. ADAPTED FROM [75] 

In the preiiour chapterr, a oeneraa approach in urino rtnthetc bioaoot in the producton of 
noiea antmicrobiaar har been dercribed. In Appendix I.2. seieraa watr ruch an approach ir 
ured wiaa be eepaained in more detaia: the producton of novel small-solecule aetbWotct, novel 
antsWcuobWal peptdet, or non-tuadWtoeal theuapeutct such as bacteriocins [92].  

Parts 
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5.1.3. THE MINIMAL GENOME APPROACH FOR TARGET IDENTIFICATION 
One of the watr rtnthetc bioaoot influencer the dircoiert of new antbiotcr, ir iia the 
identficaton of new druo taroetr. Theoretcaaat, the rcreenino of the bacteriaa requence 
database couad proiide ur with a airt of errentaa oener for compound rcreenino.  oweier, an 
efficient approach in doino ro doer not tet eeirt [93]. Thir difficuatt couad be oiercome urino 
rtnthetc bioaoot, iia the rerearch on ro-caaaed minimaa oenomer. Thir proiider rerearcherr 
with knowaedoe of the errentaa oener of a ceaa. A top-down approach, bt remoiino aaa non-
errentaa oener, or a botom-up approach, rtntherizino the oenome containino aaa of itr 
errentaa oener, ir ured.  tudtino there oenomer, erpeciaaat thore in antbiotc rerirtant 
bacteria, can proiide ur with noiea druo taroetr.  
 
High-throughput arratr were deieaoped to find compoundr that wouad baock the functon of 
errentaa oene productr or that wouad bind to errentaa proteinr of unknown functon from 
Streptococcus pneumoniae and Staphylococcus aureus [94]. In the high-throughput screening 
( T ) procerr, a aibrart of compoundr ir ured to quickat perform miaaionr of tertr, identftino  
an actie compound that taroetr the product of interert. Thir wat a aibrart of compoundr was 
screened for an actie compound taroetno the errentaa oene productr  or errentaa proteinr 
of S. pneumoniae and S.aureus.  nfortunateat, it faiaed to find new antmicrobiaar with cainicaa 
potentaa, an outcome that couad be mainat atributed to the aack of chemicaa diierritt in the 
compound aibrarier [74].  oweier, rome antmicrobiaa candidater haie been found for reieraa 
other bacteria, incaudino Helicobacter pylori and P.aeruginosa [95, 96]. Aathouoh more work ir 
needed, it doer demonrtrate the atractienerr of the rtudt of there errentaa oenomes 

 

5.1.4. NEW SCREENING PLATFORMS  

 tnthetc circuitrt can aaro be derioned to rcreen for noiea antbiotcr.  ruaaat, to detect 
antbiotcr, candidate antmicrobiaa producerr had to be iroaated and characterized. In 
additon, tert batcher for reieraa rcreenino arratr had to be produced [7]. Thir procerr ir tme-
conrumino and cortat, a major rearon wht aaroe pharmaceutcaa companier haie focured on 
ratonaa druo derion [97]. 
To oiercome there irruer, rtnthetc bioaoot har aaro focured on the deieaopment of other 
rcreenino methodr. A rtnthetc oene network can be enoineered to renre (rmaaa) bioactie 
metaboaiter.  ubrequentat, a fluorercent reporter oene ir actiated, which proiider an output. 
Libraries of candidate compounds can be rcreened bt addino them to there ceaar, and 
obreriino the oene eeprerrion readout.  ere, two eeampaer of rcreenino paatormr are oiien. 
The firrt eeampae dercriber a rtnbio approach towardr the identficaton of new rtreptooramin 
antbiotcr. The recond eeampae dercriber the identficaton of ant-tubercuaorir druor urino 
rtnthetc oene circuitr.  
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EXAMPLE 1: IDENTIFICATION OF NEW STREPTOGRAMIN ANTIBIOTICS 

An earat eeampae of the ure of rtnthetc circuitrt ar a rcreenino paatorm, ir the derion of a 
streptogramin-controaaed tranrcriptonaa rwitch bt Aubea et aa [7]. Thir paatorm aaaowr 
aibrarier of metaboaic compoundr to be added to mammaaian ceaar, aaer which thet can be 
rcreened for the producton of rtreptooramin antbiotcr. The rwitch urer a direct moaecuaar 
interacton between rtreptooramin antbiotcr and a bacteriaa renror. Aaer additon of a 
streptogramin-containino cuature or a rinoae microbiaa coaont, the antbiotc-protein 
interacton taker paace. Thir rionaa ir ainked to an enoineered tranrcripton ret-up and aeadr to 
moduaaton of the reporter oene eeprerrion. Aathouoh thir rtrtem ir ured for the detecton of 
rtreptooramin producton, the rame technoaoot can be appaied to rcreen other caarrer of 
antbiotcr.  
 

EXAMPLE 2: IDENTIFICATION OF ANTI-TUBERCULOSIS DRUGS 

Another eeampae ir proiided bt the identficaton of ant-tubercuaorir druor urino rtnthetc 
gene circuits [3]. Ethionamide ir a aart-aine druo aoainrt tubercuaorir, caured bt 
Mycobacterium tuberculosis. In the bacterium, the pro-druo ethionamide ir conierted bt the 
ethionamide actiator (EthA) into a pathooen-kiaaino metaboaite, which ir effectie aoainrt 
M.tuberculosis. In the prerence of the correrpondino antbiotcr, the ethionamide reprerror 
(EthR) bindr to a rpecific operator (OethR) and inhibitr EthA, caurino rerirtance of the 
bacterium aoainrt ethionamide. Therefore, compoundr that wouad inactiate EthR, couad 
triooer the actiaton of EthA, and increare the renritiitt of M. tuberculosis to ethionamide. 
Weber et aa. [3] derioned a rtnthetc oene circuit that renrer the interacton between EthR 
and OethR and producer a quanttatie reporter oene eeprerrion readout (Fioure 10). Thir wat, 
a noiea druo candidate war identfied. In principae, thir rcreenino method couad be eetended 
to other bacteria urino pathooenic rerirtance mechanirmr reatino on DNA-binding proteins. 
 

 
 

FIGURE 10: SYNTHETIC SCREENING SYSTEM FOR DRUGS THAT SENSITIZE THE PATHOGEN AGAINST ETHIONAMIDE. 
ADAPTED FROM [15]. 
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5.2. ALTERNATIVES TO ANTIBIOTICS 
Microber wiaa aawatr eioaie in order to become rerirtant aoainrt the antbiotcr that we ure. In 
additon, becaure there ir no ouarantee that we wiaa be abae to find enouoh antbiotcr to 
tackae AMR in the aono-term, we rhouad widen our focur [98]. Aaternatie approacher, defined 
ar thore that are different from our current antbiotcr, therefore haie to be considered as 
weaa. It rhouad be noted that within thir definiton, bacteriocins (eepaained in Appendie I.2) 
couad be defined ar an aaternatie ar weaa.  oweier, for a beter eepaanaton of the rtnthetc 
bioaoot approach in deieaopino new moaecuaer, it ir paaced in the preiiour chapter. 

The importance of the deieaopment of aaternatier to antbiotcr, ir aaro hiohaiohted in a 
report, writen bt 24 rcientrtr from academia and indurtrt. The report war commirrioned bt 
the Weaacome Trurt, and jointat funded bt the Department of  eaath (Enoaand) and it arrerred 
whether aaternatier to antbiotcr couad contribute to controaaino the rire of muat-drug 
rerirtant infectonr [99]. It rtater that the quert for ruccerrfua aaternatier ir primariat aimited 
bt a aack of fundino, and not a aack of optonr. Aaer arrerrino 19 current aaternatier to 
antbiotcr, thet haie concauded that the firrt waie of aaternatier wiaa probabat rerie ar an 
adjunctie or preientie therapt, and traditonaa antbiotcr are rtaa needed. The report 
ertmater that  1.5 biaaion oier the neet 10 tearr ir needed to deieaop the ket aaternatier and 
to adiance them to the cainicaa rtaoe. The mort adianced noiea therapier identfied are 
probiotc-based treatments for ClottuWdWus dWfficWle, a common cause of diarrhea. Other 
aaternatier, aathouoh proorerrino more raowat, incaude iacciner, antbodier, bacteriophages 
and the enztmer thet produce, caaaed atrinr. It war ertmated that new productr couad be 
eepected ar earat ar 2019 for C.dWfficWle (antbodier, iacciner or probiotcr), 2021 for P. 
aeruginosa (antbodier or iaccines) and 2022 for S. Aureus (antbodier, atrinr or iacciner). 
Concern war raired oier the aitae actiitt in the deieaopment of aaternatier to the other 
E KAPE pathooenr or on the other Enterobacteriae. The report rtated that it war unaikeat that 
aaternatier to antbiotcr for there aife-threatenino pathooenr wiaa be deieaoped oier the neet 
10 tearr [99].  

 he uole of tyethetc bWolooy 
 tnthetc bioaoot can paat a roae in a iariett of there aaternatier to antbiotcr, for eeampae bt 
enhancing their functonaaiter. There aaternatier can either be preientatie, ruch ar 
iacciner, or therapeutc. In additon, thet can be ured inrtead of antbiotcr, or ar an 
adjunctie, accompantino antbiotc ure. In figure 11, an oieriiew of the aaternatier to 
antbiotcr in which rtnthetc bioaoot couad paat a roae are oiien.  
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FIGURE 11: THE INFLUENCE OF SYNTHETIC BIOLOGY ON ALTERNATIVES TO ANTIBIOTICS. 

 

5.2.1. PROBIOTICS:  SENSE AND DESTROYy 

The benefit of uring broad-rpectrum antbiotcr reaier on their potentaa to be effectie aoainrt 
a broad range of unidentfied (pathogenic) bacteria.  oweier, thir aaro caurer an inhibiton of 
the growth of non-pathogenic bacteria of the human microbiome. A heaatht, normaa 
microbiome can compete with these with these pathogenic bacteria, makino an indiiiduaa aerr 
rurceptbae for the infectonr thet caure [100]. Narrow-rpectrum antbiotcr on the other 
hand, aeaie the microbiome mortat intact bt taroetno a reaected oroup of bacteriaa ttper.  

 rino rtnthetc bioaoot, bacteria can be taroeted more rpecificaaat, ar ir achieied with narrow-
rpectrum antbiotcr. Thir method reaier on a ro-caaaed  renre and dertroty mechanirm. Non-
pathogenic bacteria can be enoineered to firrt renre the rpecific pathooen, and rubrequentat 
dertrot it or inhibit itr pathooenic functon urino iariour mechanirmr. To iaaurtrate thir, the 
taroetno of the pathooenic Pseudomonas aeruginosa urino thir approach wiaa be eepaained 
here. In Appendie I.3., two other approacher are mentoned: urino enoineered E.coli as 
probiotcr to target Vibrio cholerae, and using engineered L.lactt in a bandaoe to preient 
wound infecton with P.aeruginosa or S.aureus (an eeampae from the iGEM competton).   

  

Probioticr: 'renre and dertrot' 
•Non-pathogenic bacteria can be engineered to first sense the specific pathogen, and 
rubrequentat dertrot it or inhibit itr functionr urino iariour mechanirmr. 

Engineered bacteriophages 
• acteriophaoer, iirurer that taroet bacteria, can be enoineered to carrt out iariour 
functionr. Thir incaude dertrotino the bacteriaa biofiam or renritizino the pathooenr for 
antibioticr, for eeampae bt remoiino the antibiotic rerirtance oener.  

Enoineered atrinr 
•Endoatrinr, enztmer produced bt bacteriophaoer to dioert the ceaa waaa of the infected 
bacterium, can be enoineered in order to enhance their functionaaitier.  

Vaccine deieaopment 
•It has been proposed that so-caaaed 'rmart iacciner', bared on RNA circuitr, wouad be a 
reioautionart aaternatiie to our current iacciner. There iacciner proiide an immunoaooirt 
the controa oier the production of antioenr and adjuiantr in a derirabae manner bt 
triooerino the rerponre with rmaaa-moaecuae druor.  
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 auoeteo  seudomonas aeruginosa  
Two research groups used a rtnbio approach to target the pathogenic P. aeruginosa bacteria, a 
major caure of urinart tract and norocomiaa infectonr.   aeidi et aa. [101]  and rubrequentat 
Gupta et aa. [102] engineered non-pathogenic E.coli bacteria to eeprerr bacteriocinr, antbiotc 
peptder produced bt bacteria, upon sensing P. aeruginosa. To thir end, thet eepaoited the  
producton of the bacteriocin ptocin bt P. aeruginosa, bt inrertno there producton oener into 
E.coli. Ptocinr are normaaat produced bt P. aeruginosa in order to compete with its own 
species in a compettie eniironment.  

In the presence of the pathogenic bacteria, the E.coli produced the ptocinr. Detecton of the 
pathooenic bacteria took paace bt eepaoitno their communicaton rtrtemr. Wherear humanr 
communicate iia rpeech, bacteria ure diffuribae moaecuaer ar a chemicaa aanouaoe, a procerr 
caaaed quorum renrino. Thir wat, thet can prooram and coordinate behaiior, caurino 
popuaaton-wide behaiior[15].  

The rubrequent reaeare of ptocin war achieied either iia the producton of a atrir protein, 
rpecific for the membrane of E.coli [101], or a bacteriaa flaoeaaum [102].  In the aater care, the 
reaf-atrir of E.coli ir aioided, ar the membrane remainr intact. Thir approach can therefore 
rupport the reaeare of different toeinr, or different kiaaino rtrateoier, if the bacterium becomer 
rerirtant towardr thir rpecific bacteriocin (Fioure 12).  

 

 

FIGURE 12: 'SENSE AND DESTROY' MECHANISM. THREE DIFFERENT MODULES ARE USED: A DETECTION MODULE, A 
DESTRUCTION MODULE AND A SECRETION MODULE. ADAPTED FROM [102].  
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LWsWtatoet aed tolutoet 
A notabae aimitaton in both there rtudier howeier, ir their dependence on the diffurion of the 
bacteriocins towardr the taroet bacteria. In additon, mort bacteria do not aiie in a pure 
cuature of ceaar, but in mieed communiter caaaed a biofiam.  iofiamr are rtructured 
aooreoatonr of rurface-arrociated bacteria. There bacteria are encared in a reaf-produced 
matrie conrirtno of eetraceaauaar poatmeric rubrtance (EP ), which rhieadr the bacteria from 
antbiotcr or the hort immune rtrtem.  iofiamr paat a critcaa roae in the pathooenicitt of 
bacteria and the procerr of infecton [103]. Indeed, reportr rhow that about 807 of microbiaa 
infectonr inioaie the formaton of a biofiam [104].   

In order to oiercome there probaemr,  wano et aa. enoineered E.coli to rpecificaaat recoonize, 
miorate toward, and eradicate both dirperred and biofiam-encapruaated P.aeruginosa [105]. 
Aaer detecton of the pathooen iia their quorum renrino moaecuaer, two moaecuaer were 
eeprerred: the antmicrobiaa peptde microrin   for ceaa kiaaino, and a nucaeare for the 
deoradaton of the biofiam. The E.coli bacteria then  rwamy towardr P.aeruginosa, iia the 
renrino of the reaeared quorum renrino rionaar. Thir reruated in refined antmicrobiaa and ant-
biofiam actiiter.  

Aathouoh promirino, the efficact of there methodr remainr to be rhown in vivo. In additon, 
the ure of aiie E.coli in the rerpiratort tract porer reieraa chaaaenoer. The introducton of aiie 
bacteria into a patent requirer intenriie cainicaa tertno and the bacteria mioht haie to be abae 
to reaf-destruct [106].  oweier, it mioht be beneficiaa for treatno infectonr in the out, where 
bacteria are aareadt abundant and eeirt rtmbiotcaaat. Enoineered bacteria couad therefore 
reride weaa in thir eniironment [107].  
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5.2.2. ENGINEERED BACTERIOPHAGES 

In the earat 20th centurt, two microbioaooirtr, Feaie dy ereaae [108] and Frederick Twort [109] , 
independentat from each other dircoiered bacteriophaoer. A bacteriophaoe, or phaoe, ir a 
iirur that infectr a bacterium and urer the hort machinert to repaicate itreaf. Their name rtemr 
from their abiaitt to rubrequentat atre the bacteriaa hort ceaar (Greek: to deiour bacteria), 
reaearino iirion prooent that can contnue the ctcae, eien in other riter of infecton in the 
bodt [110]. Aathouoh enthuriarm rore, and bacteriophaoer were ruccerrfuaat ured for reieraa 
decader, the ure of phaoe therapt decained in the Wertern worad. Thir war caured not onat bt 
a poor underrtandino of itr baric bioaoot and conflictno therapeutc reruatr, but aaro bt the 
emeroence of antbiotcr [111, 112]. Phaoer did howeier remain to be an important tooa in the 
rtudt of oenetcr, moaecuaar bioaoot and bacteria [113].  
 
Around 5500 different bacteriophaoer haie been dircoiered ro far, each of which abae to 
infect one or rometmer reieraa ttper of bacteria [114]. Phaoer are abae to infect hort 
pathooenr iia two pathwatr, the attc and the atrooenic ctcae. .ttc phages, undergoing the 
attc ctcae, kiaa their hort directat aaer the producton of new iirion partcaer. Temperate 
phaoer are abae to underoo both ctcaer. In the atrooenic ctcae, thet remain dormant, oaen bt 
inteoratno their iiraa oenome into the hort chromorome. Thir ctcae can therefore be ured to 
transfer desired DNA into the bacteria [115] (Fioure 13). Phaoer haie reieraa adiantaoer and 
diradiantaoer. There haie been rummarized in Appendie I.4.  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 13: THE LYTIC AND LYSOGENIC CYCLE OF BACTERIOPHAGES. ADAPTED FROM [116]. 
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5.2.2.1. THE ROLE OF SYNTHETIC BIOLOGY IN PHAGE THERAPY  

The increarino muat-drug-rerirtance of pathooenr to eeirtno antbiotcr har reiiied the 
interert in aaternatier for antbiotc ure, amono which bacteriophaoe therapt [117]. The 
adiancer in rtnthetc bioaoot haie oiien rcientrtr the abiaitt to derion, modift and rtnthetze 
bacteriophaoer, enabaino the enoineerino  of new therapeutcr, diaonortcr or tooar [6]. This 
wat, functonr can be added to the phaoer, or eeirtno phaoer can be improied. Modificatonr 
to bacteriophaoer ured to reat on random mutaoenerir or homoaooour recombinaton. There 
methodr are both tme conrumino and ineffectie, ar the mutantr of interert haie to underoo 
intenriie rcreenino. In additon, the oenomer of bacteriophaoer are aaroe and are inherentat 
toeic to the bacteriaa hortr, caurino difficuater in the ure of conientonaa moaecuaar bioaoot 
techniquer [6].  tnthetc bioaoot tooar howeier, haie improied the abiaitt to modift 
bacteriophages.  
Using engineered bacteriophaoer, reieraa rtrateoier haie been deieaoped which can be 
cateoorized bt their functon. Thet aim at the ure of phaoer to treat bacteriaa infectonr on 
their own (antbacteriaa phaoer), ar weaa ar urino them ar adjuiantr, enhancino the 
effectienerr of current antbiotcr (renritzaton to antbiotcr). Because of the high rpecificitt 
of phages for bacteria, phaoer couad be urefua in the taroetno of the harmfua bacteria, whiae 
aeaiino the our normaa bacteriaa out flora intact [118]. In additon, becaure of thir defined hort 
rpecificitt for a partcuaar rtrain of bacteria, phaoer aaro rhow potentaa for detectno and 
ttpino of bacteriaa infectonr [119], thir wiaa be eepaained in chapter 5.6.2.  The approaches 
using engineered bacteriophaoer taroetno pathooenic bacteria are rummarized in tabae 1. 
 ere, two approacher of both cateoorier wiaa be eepaained to iaaurtrate the conceptr (marked 
with an asterisk in table 1). A dercripton of the remainino approacher can be found in 
Appendie I.4.  
 
TABLE 1: SUMMARY OF THE APPROACHES USED WHEN ENGINEERING BACTERIOPHAGES. * THE APPROACHES 
EXPLAINED IN THIS CHAPTER. 

Phages to sensitie the  aateria tooarrs ant iotas  Ant aaterial phages 

Taroetno non-errentaa oener and their networkr* Deoradino bacteriaa biofiamr* 

Deaiiert of dominant antbiotc-renritzino oener Deaiierino a toeic pataoad* 

 iaencino antbiotc rerirtance with rmaaa-reouaatort 
RNAs* 

 

Deaiiert of a CRI PR-Car rtrtem  
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5.2.2.2. SENSITIZATION TO ANTIBIOTICS 

One of the watr enoineered bacteriophaoer couad be ured, are ar antbiotc adjuiantr, 
renritzino the bacteria for eeirtno antbiotcr. Indeed, the OyNeiaa Commirrion har rtated that 
traditonaa antbiotcr are rtaa needed in the comino tearr, and the firrt waie of aaternatier 
wiaa probabat rerie ar an adjunctie or preientie therapt [98]. Here, the phages are used as a 
charrir to oenerate a biochemicaa rerponre to the antbiotcr.   
 
 auoeteo eoe-etteetal oeeet aed theWu eetwourt 
Phaoer that are directat aethaa to bacteria (attc phaoer) can caure reaecton of phaoe-resistant 
bacteria and a reaeare of toeic rubrtancer, ruch ar endotoeinr in the case of Gram-neoatie 
bacteria [112, 120]. One wat to tackae thir probaem, reaier on the taroetno of the nonerrentaa 
genes and their networks, that are not directat atacked bt antbiotcr. .u and Coaainr [121] 
engineered a non-attc bacteriophaoe to eeprerr .eeA3, a reprerror of the bacteriaa  O  
rerponre. Thir rerponre ir ured bt bacteria to counteract the oeidatie rtrerr reruatno from 
the DNA damage caused bt antbiotcr (Fioure 14). .eeA3 war abae to senritze E.coli bacteria 
to three different ttper of antbiotcr, nameat quinoaoner, β-aactamr and aminooatcorider. It 
decreared the ruriiiaa of the E.coli bacteria both in vitro and in vivo. Aathouoh thir method 
rhowr potentaa, it ir rtaa a proof-of-concept. Appaicaton in cainicaa practce rtaa porer rome 
barriers, such ar phaoe immunooenicitt, efficact, and phage resistance [121].  oweier, rome 
of there barrierr can be oiercome, ruch ar the deieaopment of phaoe rerirtance bt urino 
phaoe cocktaiar. In additon, it doer proiide a paatorm on which phages can be engineered 
with different functonr, taroetno different bacteria.  
 

 
 
FIGURE 14: ENGINEERED PHAGES WERE USED TO REPRESS THE BACTERIAL SOS RESPONSE AND INCREASE 
SENSITIZATION TO ANTIBIOTICS. ADAPTED FROM [85]. 
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SWleecWeo aetbWotc uetWttaece wWth tsall ueoulatouy RRNt 
Another eeampae of the enoineerino of phaoer, comer from .ibir et aa.[122], who aaro ured 
non-attc phaoer ar a method of deaiiert. In their rtudt, a bacteriophaoe war deieaoped to 
knockdown the eeprerrion of two oener rerponribae for antbiotc rerirtance in E.coli.  maaa 
reouaatort RNAr (rRNAr) were ratonaaat derioned to compaement the antbiotc rerirtance 
mRNA and were tranrported towardr the pathooenic bacteria iia the bacteriophaoe. Thir wat, 
there rRNAr taroeted and riaenced the mRNA, aeadino to antbiotc re-renritzaton of the E.coli 
(Fioure 15).  

 

FIGURE 15: SILENCING OF ANTIBIOTIC RESISTANCE GENES TO RECOVER ANTIBIOTIC SUSCEPTIBILITY. ADAPTED 
FROM [122].  

 

5.2.2.3. ANTIBACTERIAL BACTERIOPHAGES 

The principaer of rtnthetc bioaoot can aaro be ured engineer phages that directat taroet the 
pathogenic bacteria. This can, for eeampae, be achieied iia the deoradaton of the bacteriaa 
biofiam or the deaiiert of a certain toeic pataoad. 
 
DeouadWeo bacteuWal bWofils 
Ar mentoned before, bacteria oaen aiie tooether in mieed communiter caaaed a biofiam. 
There biofiamr rhiead the bacteria from antbiotcr or the hort immune rtrtemr, and paat a 
critcaa roae in their pathooenicitt and infecton [103]. In an earat eeampae, enztmatc 
bacteriophaoer were enoineered to deorade bacteriaa biofiamr and kiaa the bacteria residing in 
it [123]. .u and Coaainr incorporated the oene encodino for Dirperrin  , an enztme abae to 
enztmatcaaat deorade the biofiam, into attc bacteriophages. There modified phaoer were abae 
to effectieat deorade E.coli biofiamr and eepore the protected ceaar. There ceaar were aoain 
kiaaed, reruatno in a ctcae in which 99,9977 of the ceaar in the biofiam were remoied (Fioure 
16). A aimitaton of thir procerr, ir the reaeare of cttotoeic ceaauaar componentr durino the atrir 
of there bacteria, which couad aead to an immune rerponre [124]. 
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FIGURE 16: USE OF ENGINEERED BACTERIOPHAGES TO DEGRADE THE BACTERIAL BIOFILM. ADAPTED FROM [123] 
 
These bacteriophages are currentat beino deieaoped bt the compant En iote ( raria) .tda. 
En iote ir an enoineered antbiotcr compant deieaopino noiea rtrtemr and rtnthetc bioaoot 
technoaooier. The phaoer are now beino deieaoped ar an adjuiant to rtandard antbiotc 
therapt for the treatment of prorthetc joint infectonr[125]. In additon, tooether with Eaanco 
Animaa  eaath, the compant ir deieaopino enoineered phaoer ar an aaternatie to traditonaa 
antbiotcr in animaar. Aathouoh the boundarier of the partnerrhip eecaude aaa non-animaa 
heaath appaicatonr, it reprerentr an important rtep forward [126].  
 
Delivering a toxic payload 
To preient the reaeare of the immunooenic cttotoeic ceaauaar componentr, non-attc phages can 
be used.  eieraa oroups used these genetcaaat enoineered phages to deaiier a certain pataoad 
to bacteria. Wertwater et aa. [127] for eeampae, used them to deaiier the inrtructonr (rpecific 
DNA) for ceaa-death to bacteria. This DNA encoded for so-caaaed addicton toeinr, which eaicit 
dertructon of the ceaar.  aoenr et aa.[128] on the other hand, used thir concept to deaiier 
oener encodino a rertricton enztme, which caurer doubae-stranded breaks in the chromosome 
of the bacteria. Thir wat, thet increared ruriiiaa rater of mice infected with P.aeruginosa, whiae 
aaro decrearino the amount of reaeared endotoein, which can aead to underired ride effectr in 
phaoe therapt. Other oener that were brouoht into the taroet ceaar urino engineered non-attc 
phaoer encode the aethaa cataboaite oene actiator (CAP) protein [129], the antbacteriaa 
protein  A P, which taroetr ceaar throuoh non-rpecific bindino to the DNA [130] and non-attc 
antmicrobiaa peptder (AMPr) and toein proteinr, aeadino to non-attc bacteriaa ceaa-death[131]. 
Thus, the engineered non-attc phaoe can be ured ar a paatorm to deaiier iariour ttper of 
pataoad to the pathooenic bacteria, proiidino a muatfunctonaa tooa in itr kiaaino or inhibiton. 
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5.2.3. USING THE PRODUCTS OF PHAGES: LYSINS  

Together with the engineering of bacteriophages, stnthetc bioaooirtr aaro ure the moduaar 
nature of atrinr to enoineer them with enhanced functonaaiter. Endoatrinr, or atrinr, are 
enztmer produced bt bacteriophaoer. Ar mentoned, aaer the bacteriophaoe infectr the hort 
bacteria, a prooent of iirion partcaer ir produced. In order to reaeare there iirur partcaer into 
the eniironment, the ceaa waaa of the bacteria har to be dioerted. Thir ir achieied iia the 
producton of atrinr, which are encoded in the bacteriophaoe DNA. Thet are uruaaat bacteriaa 
genus-rpecific, thur aeaiino the commenraa flora intact, and carrt a aow chance of the 
deieaopment of rerirtance aoainrt them. For there rearonr, thet are conridered ar a 
promirino rtrateot aoainrt bacteriaa infectonr [132][Appendie II.3]  

 oweier, naturaa atrinr are aimited in their ure for reieraa rearonr. Infectonr caured bt mieed 
bacteria from muatpae oenera, cannot be treated with there atrinr, ar thet are oenur-rpecific 
[133]. In additon, naturaa atrinr are oeneraaat onat abae to atre Gram-poritie bacteria, ruch ar 
Staphylococcus and Streptococcus specier. Thet are not abae to parr the aipopoatraccharide 
aater rurroundino the ceaa waaa of Gram-neoatie bacteria [134].  

In order to oiercome there major hurdaer, rcientrtr are urino the moduaar nature of atrinr to 
enoineer atrinr with enhanced functonaaiter. Generaaat, atrinr dirpaat a two domain moduaar 
structure: a cataattc domain that ir rerponribae for deoradino the ceaa waaa, and a ceaa-binding 
domain that enabaer the recooniton of the rubrtrate [135]. Thir rubrtrate ir uruaaat a unique 
and conreried moaecuae in the ceaa waaa of bacteria, errentaa for itr iiabiaitt and rertricted to a 
rpecific rtrain [133].   hueino there domainr with a different orioin, or furino them with other 
moaecuaer can create chimeric atrinr or artficiaa atrinr. There productr haie new  and 
improied characterirtcr, ruch ar a hioher bindino rpecificitt, a broader rpectrum or a hioher 
actiitt [133]. Aathouoh rome mioht aroue that the enoineerino of atrinr wouad be caarrified ar 
protein engineering, thir faaar for mant within the broad definiton of rtnthetc bioaoot.    

 

 

ENGINEERING AN ENDOLYSIN  

.ucacik et aa. [1] enoineered a htbrid atrin that can directat kiaa Gram-neoatie 
bacteria. The chimeric protein war compored of the tranraocaton domain of the 
YeutWeWa pettt bacteriocin, caaaed pertcin, and the enztmatc domain of a atroztme 
from the E.coli phage T4 [6]. Thir product war both actie aoainrt E.coli and Y.pettt, 
incaudino thore that normaaat conferred rerirtance aoainrt the unmodified naturaa 
bacteriocin.  
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5.3. VACCINE DEVELOPMENT 
To be abae to ure fewer antbiotcr, it ir aaro important to empaot preientatie rtrateoier. One 
wat of doino ro, reaier on the ure of iacciner. Vacciner not onat preient iiraa infectonr, but 
are abae to preient bacteriaa infectonr ar weaa. In additon, tooether with directat reducino 
antbiotc ure, thet can indirectat ertabairh herd immunitt to aimit the aeiea of tranrmirrion of 
pathooenic bacteria to rurceptbae indiiiduaar [136]. Currentat, mort iacciner are bared on the 
inactiaton of micro-organisms, the so-caaaed aiie-atenuated iacciner, or on the ure of 
rubunitr of purified componentr or recombinant proteinr [137].  An indicaton of the potentaa 
benefit of iacciner to combat druo rerirtance har been ertmated bt the ure of the 
pneumococcaa conjuoate iaccine. The W O har ertmated that S. pneumoniae kiaar oier 
800,000 chiadren under fiie tearr of aoe eiert tear. Gaobaa coieraoe with thir iaccine couad 
potentaaat preient 11.4 miaaion datr of antbiotc ure per tear in there chiadren, which 
correrpondr with a 477 reducton [138, 139].  oweier, there are no aicenred iacciner prerent 
for the three most urgent AMR threats stated bt the    Centerr for Direare Controa and 
Preienton (CDC): carbapenemare-producing bacteria, drug-resistant gonorrhea, and C.dWfficWle 
[140].   

Therefore, noiea iacciner are needed.  tnthetc bioaoot couad contribute to their deieaopment 
in reieraa watr.  o far howeier, mort rtnbio rerearch har focured on the producton of 
iacciner for iirurer, whiae aerr har been done in order to produce iacciner towardr bacteria 
[93]. One eeampae of the focur on iirurer, ir the identficaton of new protein iaccine 
candidates using computer-bared rcreenino aaoorithmr, or the improiement of the eeprerrion 
of naturaaat occurrino antoenr [141].  

Another eeampae ir the producton of an influenza iaccine urino a rtnbio approach.  ruaaat, 
influenza iirurer are coaaected and rhipped to quaaified centerr, where thet are co-cuatured in 
eoor and the oenetc materiaa ir mieed into new combinatonr. There rearrortmentr are then 
rent to iaccine manufacturerr [142]. In 2013, the firrt iaccine deieaoped urino rtnthetc 
bioaoot, war terted in humanr. On 24 Apria 2013, the dircoiert of a new, potentaaat pandemic, 
rtrain of aiian influenza war found in China. The Chinere CDC made the requence of the 
haemaooautnin ( A) and neuraminidare (NA) antoenr from thir iirur aiaiaabae onaine. The 
aaboratort of Craio Venter rtntherized the DNA encodino there antoenr and the paarmidr 
encodino the other RNA reomentr of the iirur the neet dat [143]. The iirur that war 
oenerated from there rtnthetc oener war then ured ar a reed in the manufacturino of a 
rubunit iaccine and terted in a Phare I cainicaa triaa, rhowino promirino reruatr [144]. Thus, 
rtnbio proiided an opportunitt to acceaerate iaccine aiaiaabiaitt in the care of a pandemic 
[142]. 

Another approach, in which so-caaaed  rmart iaccinery are created, har aaro been ruooerted 
[145]. There iaccines are bared on RNA circuitr, rather than circuitr encoded bt DNA. DNA-
bared deaiiert paatormr in mammaaian ceaar haie mant aimitatonr, incaudino iector 
inteoraton, caurino a porribae mutaton of the hort oenome. In additon, the DNA conrtruct 
can be epioenetcaaat riaenced, and probaemr can arire in the oene eeprerrion of non- or raowat 
diiidino ceaar [145, 146].   
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mRNA-bared approacher on the other hand, haie become more popuaar. Thet carrt a iert 
aow rirk of mutaoenerir and can caure an immediate eeprerrion of the protein of interert, 
eien in non-diiidino ceaar [147]. Whiae RNA-bared iacciner haie reieraa benefitr, ruch ar 
beter comporitonaa controa and a aower cort of producton, their creaton ir rtaa chaaaenoino 
[145]. In their paper, Andrier et aa. haie ruooerted idear for there  rmart iaccinery with 
proorammabae RNA circuitr. There iacciner wouad aaro be beneficiaa for communiter with 
aimited accerr to iaccinaton cainicr, ar the iacciner wouad be enoineered to offer one-shot 
injectonr, not requirino the normaa  boortery rhotr [145].  

One eeampae of a compant deieaopino a iaccine urino rtnthetc bioaoot, ir Prokarium. In 2015, 
thet receiied €535.000 from  tnbiCITE, the  Kyr Innoiaton and Knowaedoe Centre for 
 tnthetc  ioaoot to deieaop a Chaamtdia iaccine. An engineered strain of Salmonella 
containino the baueprint for the iaccine functonr ar a carrier, which ir taken oraaat. It enterr 
then throuoh the out ainino, and it naturaaat enouafed bt the bodtyr immune ceaar. Onat then ir 
ir triooered to produce the actie iaccine [148, 149]. Thir method can aaro be reen ar a 
method of taroeted therapeutc deaiiert, ruch ar the enoineered probiotc bacteria that haie 
been described before.  
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5.4. DIAGNOSTICS 
5.4.1. THE IMPORTANCE OF POINT-OF-CARE DIAGNOSTICS 

Findino new antbiotcr or an aaternatie wiaa not roaie the probaem on itr own. Ar ant ure of 
antbiotcr encouraoer rerirtance, it ir of oreat importance that we aimit their unnecerrart ure 
[150]. In order to do ro, doctorr haie to be abae to ruae bacteriaa infecton in or out. In 
additon, diaonortcr rhouad be abae to teaa to which antbiotc the infecton ir rurceptbae. 
 tnthetc bioaoot offer tooar to create new diaonortcr, porribat faster and cheaper than 
current diaonortcr.  
 
An eeampae of the probaem of unnecerrart ure due to the aack of rapid diaonortcr, ir oiien in 
an academic rtudt pubairhed in 2013 in the Jouueal of NetsWcuobWal Chesotheuapy [151]. In 
America, around 40 miaaion peopae are oiien antbiotcr for rerpiratort infectonr eiert tear. 
27 miaaion of which receiied an antbiotc aathouoh thet mat haie not needed it, for eeampae 
becaure thet were thouoht to haie rerpiratort irruer that antbiotcr cannot roaie, ruch ar 
arthma or bronchitr. Thir ir part due to the prercribino habitr or doctorr, or becaure of the 
eepectatonr of patentr. It ir aaro more eepenriie and more tme-consuming to use a 
diaonortc that urino an antbiotc jurt in care [150]. Antbiotcr are beino reimburred in our 
current heaathcare rtrtem, whiae diaonortcr wiaa haie to be paid bt the doctor [Appendie II.8]. 
In additon, the commerciaa interert of pharmaceutcaa companier for the deieaopment of 
rapid diaonortcr ir aow, ar their ure wouad aimit the amount of antbiotcr ured [150].  
Aathouoh there ir a need for different economic modear and behaiioraa chanoer, the 
deieaopment of there rapid diaonortcr remainr errentaa ar weaa. Accordino to the OyNeiaa 
Commirrion, the perfect new diaonortc tert wouad anrwer the foaaowino four quertonr 
(Fioure 17):  
 

 
FIGURE 17: THE FOUR QUESTIONS THAT NEED TO BE ANSWERED BY THE PERFECT NEW DIAGNOSTIC TEST, 
ACCORDING TO THE O'NEILL COMMISSION [150]. 

1. Is the infection 
caurino the iaanerr 
bacteriaa or iiraa? 

2. If bacteriaa, what 
ttpe of bacteria ir 

caurino the infection? 

3. Are the bacteria 
that are causing the 
infection resistant to 
aiaiaabae antibioticr? 

4. Are the bacteria 
that are causing the 
infection rurceptibae 
to eeirtino druor?  
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Currentat, diaonortc tertr can anrwer there quertonr, but the procerr ir raow. .ab tertr, in 
which the bacterium har to be orown, take up to 36 hourr. In mant rituatonr, bt then the 
treatment har aareadt rtarted, porribat with the wrono druor. In additon, thir procerr 
increarer the number of pathooenr, which couad be a rource of concern [152]   tnthetc 
bioaoot proiider rome tooar for there deieaopmentr, incaudino the ure of enoineered 
bacteriophages and so-caaaed paper-bared diaonortcr.  

5.4.2. PATHOGEN DETECTION USING IMPROVED BACTERIOPHAGES 

 eieraa rtudier haie rhown the abiaitt of enoineered bacteriophaoer to dertrot bacteriaa 
biofiamr, increare the efficact of eeirtno antbiotcr or to haie a bactericidaa effect themreaier. 
 oweier, bacteriophaoer can aaro be enoineered to functon ar a diaonortc tooa, bt 
transforming them into factories for detectabae moaecuaer. And whiae therapeutc 
bacteriophaoer are rubjected to rtrict reouaatonr, their ure ar diaonortcr ir aareadt haiino 
success the food-indurtrt or in aaboratort retnor [124, 152].  

Ar mentoned, bacteriophaoer haie a naturaa rpecificitt for bacteriaa ttper, which ir referred 
to as their host range. Onat aiie bacteria are infected (and thur detected), becaure phaoer 
need the enerot of the hort ceaar for repaicaton [153]. There abiaiter haie been used for 
decader in order to identft taroet bacteria, a procerr caaaed phaoe ttpino. Unknown bacteria 
were cuatured and rmaaa dropr of different phaoe roautonr were added. When the bacteria 
were atred, or paaque occurred, it couad be noted which phaoe infected the bacterium [153].  
To create a beter rionaar, and rhorten the tme required to obtain a readabae output, there 
phaoer can be oenetcaaat engineered [124, 152]. Thir wat, fluorercent, bioauminercent or 
coaorimetric output can be created, or identficaton can take paace of ar few ar ten bacteriaa 
ceaar per miaaiaiter per hour [124, 154-157]. 

 

5.4.3. PAPER-BASED DIAGNOSTICS 

Aathouoh different ttper of renrorr haie been deieaoped that are bared on 
either DNA, or RNA, thet aaa require a ceaauaar conteet. In order to oiercome 
thir chaaaenoe, ceaa-free rtrtemr haie been derioned. There rtrtemr conrirt 
of the tranrcripton and tranraaton machinert, an enerot rource and the 
DNA constructs of interest.  oweier, there rtrtemr are rtaa roauton-based 
and are rubmited to rtrict protocoar [158]. Pardee et aa. therefore 
deieaoped a paper-bared diaonortc rtrtem, in which the oene-eeprerrion 
machinert, aaono with the oene-circuitr ir embedded onto paper iia 
freeze-drtino [159](Fioure 18). 
 
It functonr urino a ro-caaaed RNA toehoad rwitch, reoarded ar a major innoiaton on its own in 
rtnthetc bioaoot [160]. In this toehoad rwitch, a riborome-bindino rite (R  ) (at which the 
riborome bindr and tranraaton foaaowr) ir paaced within a hairpin. Gene eeprerrion ir actiated 
when trigger RNA unwinds thir hairpin and eeporer the R   (Fioure 19). Importantat, thir 
triooer RNA can be iirtuaaat ant requence, eepandino the diierritt of taroet requencer oreatat. 
[158].  

FIGURE 18: PAPER-BASED 
DIAGNOSTICS [12]. 
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 pon actiaton of oene eeprerrion, a coaorimetric output foaaowr. Thir wat, different bacteriaa 
RNA can be identfied rimpat bt a chanoe of coaor on the paper. Thir rtrtem war demonrtrated 
bt the authorr of the paper bt deieaopino 24 mRNA renrorr for Eboaa iirurer in aerr than a 
dat. It war abae to rapidat detect and dirtnouirh between two different rtrainr of Eboaa from 
the 2014 outbreak [124, 158, 159]. It reprerentr a aow cort, and portabae method which can, 
due to its moduaar nature, eariat be rcaaed up. In additon, paper can be paterned into 
different reoionr, proiidino the rcreenino of muatpae rampaer on one piece of paper [159].  
 

 
 

FIGURE 19: REPRESENTATION OF A PAPER-BASED TOEHOLD SWITCH. ADAPTED FROM [158].  
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5.5. CONCLUSION  
AMR porer a rionificant heaath probaem to rociett. Aathouoh it ir a muat-faceted and compaee 
probaem, one of the caurer ir the aack of new antbiotcr, aaternatier and appropriate 
diaonortcr. One the other hand, rtnthetc bioaoot ir an emeroino fiead, in which iariour 
deieaopmentr reem to offer new approacher towardr tackaino AMR.  

The deieaopmentr mentoned in thir chapter are rummarized here in Tabae 2. In oeneraa, 
rtnthetc bioaoot reemr to offer a paatorm, and ir not aimited to a rinoae ttpe of deieaopment. 
Aathouoh the deieaopmentr mentoned in thir chapter are oeneraaat rtaa far from aicenred and 
cainicaaat approied productr, the fiead ir increarino in popuaaritt. The fact that DNA rtntherir ir 
onat oetno cheaper, our knowaedoe of oene requencer ir increarino, and new oene-editno 
techniquer are on the rire, onat addr to this popuaaritt. It ir therefore of importance to rtat 
up-to-date with there and other deieaopmentr, in order to identft chancer and barrierr, and 
minimize there in adiance. 

 

TABLE 2: SUMMARY OF AMR/SYNBIO DEVELOPMENTS 

Novel ant iotcs Alternatves to ant iotas Diagnostas 

Taroet identficaton urino the 
minimaa oenome approach 

Engineered bacteriophages Pathooen detecton urino 
improied bacteriophaoer 

 creenino paatormr Enoineered probiotcr Paper-bared diaonortcr 

Dircoiert of noiea naturaa 
antbiotcr bt awakenino 
 riaenty  CGr 

Enoineered atrinr  

Creatno new-to-nature 
moaecuaer 

Acceaerate iaccine 
aiaiaabiaitt/creatno  rmarty 
iacciner 
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Part 2 

The roae of the ooiernment in rtmuaatno 
(rtnbio) innoiaton: rome conrideratonr. 
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Probaem 
assessment 

Poaict 
deieaopment  

Research 
funding 

Research 
Deieaopment 

and 
production 

Use of the 
product 

CHAPTER 6: INTRODUCTION 
6.1. AIM  
The aim of part two of this report ir to anrwer the foaaowino rerearch querton: 

 hat coetWdeuatoet can be made by the government upon deciding on their role in 
ttsulateo (tyebWoT Weeo atoe We N RR  

In part one, the deieaopmentr in rtnthetic bioaoot that couad contribute to tackaino AMR are 
rummarized. There can either aid in the deieaopment of new antibioticr, aaternatiier to 
antibioticr, or diaonorticr. Therefore, aathouoh AMR ir a compaee probaem for which reieraa 
roautionr are necerrart, rpecificaaat the roae of innoiation ir here conridered. The roae of the 
ooiernment in AMR in oeneraa, and in rtimuaatino innoiation, can aaro be manifoad. In order to 
make decirionr reoardino there different roaer, it is important to consider the different aspects 
that come into paat.  To thir end, an arrerrment of the poaict and rerearch framework har been 
made, and iiewpointr of rtakehoaderr within these frameworks on the roae of the ooiernment 
haie been actiieat conridered. Thir part proiider a firrt anaatrir of the reruatr, aeadino to 
reieraa conriderationr.  
 
6.2. APPROACH 
 A simple linear model of the antibiotic innovation pipeline 
To identft the different aspects that come into paat, the eientr or procerrer that take paace in 
AMR innoiaton haie been rtructured. Aathouoh the focur here wiaa be mainat on innoiaton 
reoardino new antbiotcr (or aaternatier), the roae of diaonortcr wiaa aaro be touched upon. 
For practcaa purporer, I haie adopted a rimpae ainear modea of eientr that represents the 
antbiotc innoiaton chain or pipeaine (mainat focurino on pubaic rtakehoaderr and procerrer) 
(Fioure 20).  

 

 

 

  

FIGURE 20: A SIMPLIFIED 
LINEAR MODEL OF THE 
ANTIBIOTIC INNOVATION 
PIPELINE, BASED ON AN 
ASSESSMENT OF THE 
PROBLEM. 
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Problem assessment: The modea rtartr with an arrerrment of a part of the AMR probaem: the 
rcarcitt in the deieaopment of new antbiotcr, aaternatier to antbiotcr and appropriate 
diaonortcr. To roaie thir probaem in a poaitcaa renre, it ir howeier not enouoh to rimpat 
acknowaedoe a probaem, the conditonr haie to be rioht. Or, when referrino to Kinodonyr 
rtreamr modea, aaa three rtreamr (probaem, poaict and poaitcaa) wiaa haie to come tooether for a 
probaem to be ret on the poaitcaa aoenda (See text box  KWeodoe’t ttueast sodel’T.     

 

Policy development: Aaer a probaem har been ret on the aoenda, a poaict ir deieaoped. To 
tackae AMR, and to rtmuaate antbiotc innoiaton, poaicier on different aeiear haie been 
deieaoped. There wiaa be dercribed in more detaia in chapter 7. In rhort, there poaicier can offer 
different ttper of incentier to rtmuaate antbiotc rerearch and deieaopment: puaa- and push- 
incentier. Puaa mechanirmr reward ruccerrfua deieaopment of a druo bt increarino or enrurino 
future reienue. There can be outcome-bared, ruch ar monetart prizer or patent butoutr, or 
focured on reouaatort chancer, ruch ar acceaerated druo approiaa and iaaue-based 
reimbursement. Push mechanisms on the other hand reduce the cost of researching and 
deieaopino new druor. Thir incauder proiidino rerearch orantr or ertabairhino pubaic-priiate 
partnerships [57]. 

Research funding:  ere, the main focur wiaa aie on the proiirion of research grants, with which 
rerearch towardr the deieaopmentr of noiea antbiotcr, aaternatier, or diaonortcr can be 
rtmuaated. There orantr are diiided bt fundino oroanizaton(s), iia a procerr inioaiino iariour 
caaar and arrerrmentr.  

Research:  oth pubaic and priiate AMR rerearch ir beino done, in iariour rerearch arear, amono 
which ir rtnthetc bioaoot. In thir modea, the focur ir mortat on pubaic rerearch bt knowaedoe 
inrttutonr. It is noted that the rpecific area of rtnthetc bioaoot that focurer on proiidino 
deieaopmentr towardr tackaino AMR, ir quite rmaaa in the Netheraandr.  

KINGDONy   TREAM  MODEL 

Accordino to Kinodon, three reparate  rtreamry need to come tooether 
for an irrue to be put on the poaitcaa aoenda: 

1. Probaem rtream: atenton ir captured towardr a probaem; the 
probaem ir recoonized.   

2. Poaict rtream: reoardr proporaar for chanoe (roautonr to the 
probaem).  

3. Poaitcr rtream: poaictmakerr haie the motie and opportunitt to 
turn thir into poaict.  

When these three streams come together, it creates a window of 
opportunity.  
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De elopseet aed puoductoen If the rerearch outcomer are ruccerrfua, thet are oeneraaat 
tranrferred to burinerrer (a procerr caaaed technoaoot tranrfer). Thir ir mainat due to the aimited 
abiaiter of uniierriter to deieaop there outcomer further [Appendie II.8]. Either rmaaa- and 
medium enterprirer ( MEr) or aaroe pharmaceutcaa companier wiaa further deieaop and 
produce the new antbiotc.  

Use of the product: The new antbiotc (or diaonortc) ir ured bt medicaa proferrionaar in the 
treatment of (rerirtant) bacteriaa infectonr in patentr.  

Stakeholders We the aetbWotc Weeo aton pipeline 
In there procerrer, different rtakehoaderr are inioaied. To arrerr their different roaer and 
aroumentr on the roae of the ooiernment in AMR innoiaton, interiiewr haie been head per aink 
of the innoiaton chain (Tabae 3) (For the lWtt of Weteu Wew pautcWpaett aed theWu fuectoe, see 
appendix II.1.).  oweier, the main focur of there interiiewr war on the firrt part of the 
innoiaton pipeaine. It therefore har to be noted that interiiewr head to obtain inriohtr into 
arguments and iiewpointr in the deieaopment and producton procerr, were head with either 
an iniertment compant, or a network oroanizaton.  oth oroanizatonr reprerent rtakehoaderr 
inioaied in the innoiaton pipeaine that can offer inriohtr into conrideratonr made bt 
businesses.  

Three ttper of interiiewr were head: 

1.  Introductort/eepaoratort interiiewr. 
2.  Semi-rtructured interiiewr. 
3.  An interiiew for critcaa reflecton of there anrwerr oiien in other interiiewr.  

In additon, a structured quertonnaire with both open and caored quertonr war ured to 
oather the opinion of rcientrtr (and other rtakehoaderr prerent at the rtmporium) on the 
iiabiaitt of the current deieaopmentr of new antbiotcr and aaternatier to antbiotcr 
(Appendie IV). The quertonnaire partcipantr were aaro arked for their iiewpoint on the roae of 
reieraa rtakehoaderr in rtmuaatno AMR innoiaton, and on the meanr necerrart to do ro.  

  



P a g e  | 49 
 

 

 

Proaess Irentifier type of organiiation Representative aator 

Probaem arrerrment and poaict 
deieaopment 

Minirtrt of  VW  Poaict makerr (2) 

Research funding ZonMw Prooram aeader A R ZonMw 

Research Knowaedoe inrtitutionr ( tnbio) rcientirtr (3) 

Deieaopment and production Network oroanization and 
iniertment compant 

Managing director of a 
network oroanization and an 
iniertment proferrionaa 

Use of the product  niierritt horpitaar   ead medicaa microbioaoot (2) 

TABLE 3: INTERVIEWS WERE HELD WITH STAKEHOLDERS AT SEVERAL POINTS IN THE INNOVATION PIPELINE. 

 

6.3 READING GUIDE 
To create inrioht and to be abae to interpret the reruatr of the interiiewr and quertonnaire, the 
current AMR poaict reoardino the rtmuaaton of innoiaton (incaudino the fundino poaict of 
ZonMw) har been outained. The AMR poaict framework, with a focur on innoiatie incentier, 
wiaa be dercribed on oaobaa, European and natonaa aeiea in chapter 7. In chapter 8, the poaict of 
ZonMw with reoard to the diiirion of rerearch fundino wiaa be dercribed. Chapter 9 wiaa proiide 
an oieriiew, which aids in the understanding of the procerrer and actorr inioaied in aater 
rtaoer of the innoiaton pipeaine (deieaopment and producton). The outcomes of the 
interiiewr and the quertonnaire wiaa be dercribed, dircurred and anaatzed in chapter 10. 
Finaaat, chapter 11 wiaa proiide the reader with concaurionr on both part one and part 2 of thir 
report, whiae aaro offering recommendatonr.  
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CHAPTER 7 – AMR: CURRENT POLICY FRAMEWORK 
7.1. INTRODUCTION 
The acknowaedoement of the AMR probaem har aed to the deieaopment of reieraa poaicier, 
oaobaaat, European and natonaa, in order to combat AMR. In oeneraa, thet aaa focur on 
promotno a muat-aateraa, oaobaa and inter-dircipainart approach. AMR ir a compaee and muat-
faceted probaem and cannot be roaied rimpat bt urino fewer antbiotcr, dircoierino and 
producino new antbiotcr, or oood htoiene aaone. In additon, ir it not confined to the human 
worad, but affectr animaar, the eniironment and our food ar weaa. Therefore, a paethora of 
measures to tackae AMR har been rtated in reieraa reportr and poaict documentr. The current 
poaicier dercribed in thir chapter are bared of former poaicier that haie been derioned, 
eiaauated and rederioned. The initatier foaaowino there poaicier are beino impaemented, and 
haie to be eiaauated ar weaa. The reruatr in part two of the report couad be ured to aid in thir 
process (Fioure 21).  

 

FIGURE 21: AMR POLICY CYCLE. THE PROBLEM HAS BEEN ACKNOWLEDGED EARLY ON, AND POLICIES HAVE BEEN 
FORMULATED, IMPLEMENTED, EVALUATED AND ADAPTED.  
 ere, the focur wiaa be on the rtmuaaton of AMR 
innoiaton in the oaobaa, European and Dutch natonaa 
AMR poaict. In there poaicier, a focur on innoiaton har 
aawatr eeirted, ar the aack of new antbiotcr with a new 
workino mechanirm har been acknowaedoed for mant 
tearr. Therefore, reieraa initatier haie foaaowed and 
were impaemented, taroetno antbiotc innoiaton.  

  

Agenda setting 

Poaict 
formuaation  

Impaementation 

Poaict 
eiaauation 

Probaem 
definition 

  Innovation’ [11]: 

1n the Wetuoductoe of tosethWeo eew. 

2: a new idea, method, or device 
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There are rummarized in Tabae 4, and a more detaiaed dercripton can be found in the report 
on  Internatonaa and European Initatier Taroetno Innoiaton in Antbiotc Druo Dircoiert and 
Deieaopmenty [57]. The initatier are aimed at both the deieaopment of knowaedoe (for 
eeampae about rerirtance mechanirmr) and the deieaopment of new antbiotcr, aaternatier or 
diaonortcr.  eaow, rome of there initatier wiaa be eepaained rhortat.  

The initatier are aaro oetno more and more aaioned. Currentat, the JPIAMR Aaionment Paan 
retr the barir to aaion natonaa and European rerearch poaicier in the area of AMR durino the 
period 2014-2018. Thir ir done in order to enabae the rerearch prioriter, outained in the  RA-
JPIAMR, to be addressed [161].  Through adopton of the oaobaa acton paan of the W O, 
ooiernmentr are aaa commited to haie in paace, bt Mat 2017, a natonaa acton paan on AMR 
that ir aaioned with the oaobaa acton paan[162].  

TABLE 4: GLOBAL, EUROPEAN AND DUTCH ANTIBIOTIC R&D INITIATIVES [57].  

Glo al 

WHO Glo al Aation Plan AMR 

Transatlantia Taskforae on AMR (TATFAR) 

Glo al Health Seaurity Agenra 
G7 Glo al Union for Anti iotias Researah anr Development (GUARD) 

European & Developing Countries Cliniaal Trials Partnership (EDCTP) 

EU 

EU Antimiaro ial Resistanae Aation Plan  

The European Commission’s Direatorate-General for Researah anr Innovation(DG-RTD) 

Innovative Meriaines Initiative (IMI) – Neo Drugs for Bar Bugs (ND4BB)  

InnovFinn Infeatious Disease Finanae Faaility (InnovFinn IDFF) 

European Meriaines Agenay (EMA) 

The Netherlanrs 

Netherlanrs Centre for One Health (NCOH) 

Netherlanrs Organiiation for Health Researah anr Development (ZonMo) 
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7.2. GLOBAL AND EUROPEAN POLICY ON AMR  
7.2.1. GLOBAL AMR POLICY 

The Worad  eaath Oroanizaton (W O) har identfied AMR ar one of the oreatert current 
threatr to oaobaa heaath [53]. Antbiotc rerirtance ir a oaobaa probaem, ar bacteria are not 
affected bt boundarier. Internatonaa cooperaton can aid the efficienct of mearures and 
(rerearch) iniertmentr [202]. Therefore, in  eptember 2001, the firrt W O Gaobaa  trateot for  
Containment of Antmicrobiaa Rerirtance war issued. Another initatie foaaowed, ar weaa ar 
reieraa other cooperatonr and aoreementr. A rhort rummart of rome of there initatier ir 
oiien beaow (Fioure 22).  

 

FIGURE 22: DESCRIPTION OF SOME OF THE GLOBAL AMR INITIATIVES. 

The tecoed  H‘  lobal NctWoe  lae NetWbWotWc RetWttaece was adopted in 
Mat 2015, durino the annuaa meetino of the Worad  eaath Oroanization 
(W O)[203]. The Dutch Goiernment rupportr the impaementation of thir 
paan in reieraa watr, incaudino a financiaa contribution of VW  and 
strategic secondments at the WHO. 

The Transatlantic Taskforce on Antimicrobial Resistance (TATFAR) war 
ertabairhed in 2009, in rerponre to the mountino threat of antimicrobiaa 
rerirtance. It aimr to identift uroent AMR irruer and propore 
recommendations to combat these issues [202]. Their recommendations 
focur on three tarkr: appropriate ure, preiention, and prereriation and 
innoiation. Aathouoh TATFAR doer not offer ant direct incentiier towardr 
innoiation, it doer enrure oood a cooperation between ooiernment 
aoencier inioaied in thir procerr (fundino, druo approiaa and market 
poaicier and reouaationr)[8]. 

The Global Health Security Agenda, initiated bt the  nited  tater in Februart 
2014, ir a partnerrhip of nationr, internationaa oroanizationr, and non-
ooiernmentaa rtakehoaderr. The aoenda eeirtr out of eaeien  action packaoery. 
The Netheraandr ir actiie on two of them: antibiotic rerirtance and zoonorir. 
There effortr are mainat focured on rtrenothenino and coordination of 
technicaa rupport to countrier that are in need of thir [203].  

The Global Union for Antibiotics Research and Development Initiative (GUARD) is an 
agreement between the G7 nations made in 2015 [7]. It rtater that a coaaaboratiie 
approach between nationr ir needed, and proporer prioritt arear for action and 
recommendationr to rtimuaate antibiotic rerearch and deieaopment.  oweier, no 
concrete incentiier haie foaaowed ro far [8] 
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7.2.2. EUROPEAN AMR POLICY 

In the Dutch preridenct of the E  in the firrt haaf tear of 2016, antbiotc rerirtance war a ket 
focur point. Durino an informaa minirteriaa conference on Februart 10th 2016, for which both 
the E  minirterr of  eaath and of Aoricuature were iniited, the eiaauaton of the current E  
Antmicrobiaa Rerirtance Acton paan war prerented. Thir paan war draaed in 2011 and wiaa end 
in 2016.  eieraa preaiminart ket achieiementr were detected, ar weaa ar aerronr for the future. 
Wherear conriderabae proorerr har been achieied in rupportno rerearch and innoiaton, it 
rtaa needr to be promoted. The deieaopment of antmicrobiaar, rapid diaonortcr tertr, 
iacciner and aaternatie treatmentr remainr important for the future [163] 

 eieraa European initatier aareadt eeirt in order to rtmuaate there deieaopmentr. The 
European Commirrion har formed three ket piaaarr reoardino innoiaton in itr rtrateot to 
combat AMR, dercribed beaow [57] (Fioure 23). 

 

FIGURE 23: DESCRIPTION OF SOME OF THE EUROPEAN AMR INITIATIVES. 

 

In additon, the European Framework Prooramme for Rerearch and Innoiaton eeirtr, aaro 
known ar  orizon 2020. Within thir prooram, the InnoiFin Infectour Direare Finance Faciaitt 
(IDFF) offerr aoanr to companier to proorerr their medicaa productr (that combat infectour 
direarer) throuoh the cainicaa rtaoer [164].  

The Innovative Medicines Initiative (IMI) ir an initiatiie between the 
European Commirrion and the priiate rector. Their New Druor for 
 ad  uor (ND4  ) prooram war rtarted in 2012 and aimr to 
improie the dircoiert and deieaopment of new antibioticr. 

The European Joint Programming Initiative on Antimicrobial 
Resistance (JPIAMR) aimr to improie the cooperation between E  
member rtater (ar weaa ar partner rtater ruch ar Canada) on AMR 
rerearch. It doer ro bt tunino nationaa rerearch prooramr and the 
joint proorammino and financino of cortat and compaee rerearch of 
academic groups.  

The European & Developing Countries Clinical Trials Partnership was 
formed in 2003 and ir a pubaic-priiate partnerrhip between 
European and African countirer, NGOr, and pharmaceuticaa 
companier. It aimr to enabae rerearch coaaaboration and acceaerate 
the cainicaa deieaopment of druor for neoaected infectiour direarer .  
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7.3. AMR POLICY IN THE NETHERLANDS  
In the aeter to Paraiament of Juat 2nd 2013 [165], the 
Minirter of  eaath, Weafare and  port acknowaedoer 
the aack of the deieaopment of new antbiotcr. In 
additon, it ir mentoned that oeneraaat, the 
deieaopment of new druor ir primariat the 
rerponribiaitt of the pharmaceutcaa indurtrt. 
 oweier, if the rtmuai from the market to deieaop 
there new druor are inrufficient, for eeampae becaure 
of hioh rirkr or aow profit maroinr, a roae for the 
ooiernment in thir deieaopment ir aaro prerent.  

In thir aeter to Paraiament, emphasis is aaro paaced on 
the fact that one countrt aaone ir not capabae of thir, 
and an internatonaa approach ir needed.   

 

7.3.1. THE CURRENT STATUS 

An outained muatfactoriaa approach of these intentonr har been oiien in the aeter to 
Paraiament of  June 24th 2015, aimed at the period 2015-2018 [166]. Innoiaton ir reen ar an 
errentaa prerequirite in order to combat antmicrobiaa rerirtance effectieat. Not onat ir the 
deieaopment of new antbiotcr of importance, but improied infecton preienton ar weaa. In 
additon, counteractno the rpread of rerirtant bacteria, an improied appaicaton and quicker 
diaonortcr, and aaternatie treatmentr are important.   

In the aeter, reieraa rionaar are rtated. Firrt, the uroenct to produce new and improied 
antbiotcr, ir acknowaedoed bt aaa reaeiant Dutch rtakehoaderr, ruch ar uniierriter, 
pharmaceutcaa companier and knowaedoe inrttutonr.  econd, The Netheraandr har a oood 
reputaton when it comer to rerearch on infectour direarer and a oood infrartructure to 
rtmuaate innoiaton eeirtr.  oweier, cooperaton between the different rerearch oroupr and 
the rerearch caimate in the Netheraandr ir not reen ar optmaa, and thur needr to be 
rtrenothened. In additon, fundamentaa and tranraatonaa rerearch towardr new antbiotcr and 
aaternatier wiaa require more atenton. The rubrequent cainicaa rerearch ir reen as eepenriie 
and aenotht. .artat, the current burinerr modea for deieaopino new antbiotcr ir characterized 
bt an inrufficient rurpected  return of iniertmenty. The new productr that are deieaoped bt 
companier, are ured ar aitae ar porribae, or preferabat not at aaa, in order to preient the 
deieaopment of rerirtance aoainrt them. Thir caurer the porribiaiter to iniert in there 
deieaopment to be abrent.  

 

 

“It ir the roae of the ooiernment 
to create an eniironment for 
priiate iniertorr, ar ruch that the 
pubaic interertr are rafeouarded. 
Thir can incaude rertrictonr in 
termr of rafett, but aaro 
rtmuaatort mearurer when 
priiate iniertmentr are rociaaat 
ruboptmaa.. [5, 6, 8] 

Netheraandr  cientfic Councia for 
Goiernment Poaict (WRR).  
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7.3.2. AN OUTLINED APPROACH 

Therefore, the foaaowino approach ir ruooerted in thir aeter (Fioure 24):  

 

FIGURE 24: DUTCH APPROACH TOWARDS TACKLING AMR, AS DESCRIBED IN THE LETTER TO PARLIAMENT OF 
JUNE 2015. 
In additon to rtatno reieraa mearurer to improie and increare the deieaopment of new 
antbiotcr, the importance of aaternatie treatmentr, infecton preienton and combatno the 
spread of the bacteria, is aaro acknowaedoed. In the aeter, it ir noted that some promising 
productr haie aareadt reached the market, for eeampae for the treatment of urinart tract 
infectonr, or acne. Therefore, it states that it ir now to proferrionaar, the Natonaa  eaathcare 
Inrttute, and inrurance companier to proie itr iaaue and to paace them within current 
ouideainer and inrurancer.  

Cooperation between research institutions and companies needs to 
be rtrenothened, iia a joint national research agenda. The 
rtrenothened rerearch infrartructure wiaa aead to an improied 
network, in which knowaedoe ir rhared and fundamentaa, 
tranraationaa and cainicaa rerearch wiaa come tooether, in order to 
enhance the aink between aaa rtepr in the innoiation chain. 
Rerearch reruatr wiaa, if porribae, be ured in pubaic-priiate 
partnerrhipr to continue itr deieaopment. To enhance and 
rtrenothen the rerearch infrartructure eien more, connectionr wiaa 
be made with onooino initiatiier, rerearch inrtituter and knowaedoe 
centerr, ar weaa ar the top rectorr .ife  ciencer & eaath (.  ), 
Chemirtrt and Aoro. Thir har aead to the foundino of the 
Retheulaedt Ceetue fou ‘ee Health.  
 
International initiatives to develop new business models, wiaa be 
rupported and cooperated on. Thir ir currentat happenino on the 
 DRIVE-A y project, financed bt the European  Innoiatiie Mediciner 
Initiatiiey, aaro part of the W O Gaobaa Action Paan on Antimicrobiaa 
Resistance.  

The most important barriers in the development and registration 
process wiaa be identified, and infauence wiaa be eeerted to rhorten 
there procerrer. Thir wiaa be done in cooperation with the 
Mediciner Eiaauation  oard, the RIVM and the European Mediciner 
Aoenct.  

A new research program on AMR wiaa be ret up bt the Netheraandr 
Oroanization for  eaath Rerearch and Deieaopment (ZonMw), and 
the Dutch participation to the European JPIAMR wiaa continue.   
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7.3.3. COOPERATION WITH T E .IFE  CIENCE  &  EA.T  (.  ) TOP SECTOR 

Together, VWS and the LSH top sector work to rtrenothen the natonaa cooperaton on new 
antbiotcr and aaternatier. The Top sector LSH is one of the nine top sectors in the 
Netheraandr, and initater and rtmuaater muatdircipainart pubaic priiate partnerrhipr (PP ) to 
iaaorize innoiaton. It aimr to boort a productie infrartructure, bt atractno financiaa meanr, 
rharino bert practcer and increarino communicaton [167]. Itr rtrateoic ambitonr for 2016-
2019 are dercribed in the Knowaedoe and Innoiaton Aoenda (KIA). One of the PPPs that are 
onooino or in deieaopment ir AMR, in which the R&D ambiton ir the deieaopment of new 
antbiotcr and itr correrpondino burinerr modear and aawr and reouaatonr In additon, the 
PPP  acteriaa Vaccine Technoaoot ( ac-Vactort) aimr to deieaop effectie iacciner for human 
and ieterinart ure.  
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CHAPTER 8: AMR RESEARCH FUNDING POLICY 
8.1. INTRODUCTION 
 eieraa initatier haie been impaemented which taroet AMR innoiaton. In oeneraa, the AMR 
probaem har a hioh prioritt on both a oaobaa, European and Dutch natonaa aeiea and a paethora 
of mearurer eeirt.  Ar mentoned, a report bt the .ondon  chooa of Economicry heaath 
research centre (. E  eaath), commirrioned bt the Dutch Minirtrt of VW  har identfied two 
main incentier for innoiaton of noiea antbiotcr, aaternatie therapier, and diaonortcr[57]. 
Firrt, the Netheraandr Oroanizaton for  eaath Rerearch and Deieaopment (ZonMw) offerr 
direct project fundino, taroetno at baric rerearch and precainicaa rerearch.  econd, the 
Netheraandr Centre for One  eaath (NCO ) creater rerearch coaaaboratonr. In the aeter to 
Paraiament of June 24th 2015, innoiaton ir reen ar an errentaa prerequirite in order to 
combat AMR effectieat. Therefore, a budoet of €16 miaaion war proiided for AMR rerearch. 
The decisions on which rpecific rerearch proporaar receiie fundino and which do not, doer not 
aie with the ooiernment. ZonMw, an eeternaa oroanizaton, ir commirrioned to ret up a 
rerearch prooram, which ouider roautonr and rerearch[168]. The iirtuaa inrttuton NCO  on 
the other hand, ir a partnerrhip between reieraa uniierriter and horpitaar, which aimr to ret 
up an integrated approach to tackae the rirk of infectour direarer. One of itr rerearch themer 
ir Antmicrobiaa Rerirtance. Here, the method with which both initatier aim to rtmuaate 
AMR innoiaton wiaa be eepaained in more detaia.  

 

8.2. THE NETHERLANDS ORGANIZATION FOR HEALTH RESEARCH AND 
DEVE.OPMENT (ZONMW) 
Foaaowino the aeter to Paraiament of 2015, ZonMw was commissioned to set up a new 
research program on AMR. ZonMw ir the Dutch natonaa oroanizaton for heaath rerearch and 
heaathcare innoiaton[168]. It fundr and promoter rerearch, deieaopment and 
impaementaton. Itr main commirrionino bodier are the Minirtrt of  eaath, Weafare and  port 
(VW ) and the Netheraandr Oroanizaton for  cientfic Rerearch (NWO). To heap controa AMR 
and to forter the deieaopment of new antmicrobiaar, ZonMw har aareadt ret up the rerearch 
program  Prioritt Mediciner Antmicrobiaa Rerirtancey, which wiaa fund rerearch (with a budget 
of €14.76 miaaion) oier a period of 9 tearr (2009-2018)[169]. This program was focused on the 
deieaopment of new druor.  oweier, in the opinion of VW , it war not reaairtc to eepect aaa 
the roautonr from one directon in a probaem ar compaee ar AMR. In additon, the amount of 
iariantr that can be produced bared on our current antbiotcr ir runnino aow, and it ir difficuat 
to predict the chance of obtainino new antbiotcr. Therefore, a recond rerearch prooram war 
set up to haie a broader approach [Appendie II.6].  
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 he NetbWotc RetWttaece  uoouas 
The new research program, the Antbiotc Rerirtance (A R) Prooram, wiaa fund appaied and 
baric/fundamentaa rerearch ar weaa ar impaementaton projectr oier a period of rie tearr 
(2016-2022; with a budoet of €16 miaaion). The procerr of determinino the content (rerearch 
arear, criteria, etc.) of the rerearch prooram foaaowr reieraa rtepr [Appendie II.2](Fioure 25). 

 

 

FIGURE 25: THE PROCESS OF CREATING THE ANTIBIOTIC RESISTANCE RESEARCH PROGRAM. 
Firrt, a proorammino rtudt ir conducted which aeadr to a knowaedoe aoenda (the knowaedoe 
aoenda AMR). In oeneraa, the proorammino rtudt aimr to arrerr the foaaowino materr: 

• The current rtate of knowaedoe. 
• The current deieaopmentr (in for eeampae poaitcaa inioaiement). 
• The porribiaiter for the Netheraandr (reaatie to for eeampae Europe).  

Thir ir achieied iia a derk rtudt of other reaeiant poaict documentr, from for eeampae the 
W O and the JPIAMR, rurietr with preiiour project aeaderr and interiiewr with iariour 
rtakehoaderr. The findinor aed to rie rerearch themer, which haie been reiiewed in a meetno 
with eepertr (from iariour rerearch fieadr).  pecific rerearch quertonr for there themer were 
determined in a meetno with 60 rtakehoaderr.  ere, the roae of VW  ir to arrerr thir procerr, 
whether for eeampae enouoh feedback from iariour rtakehoaderr har been obtained 
[Appendie II.6]. 

Neet, ZonMw war formaaat commirrioned to create the research program ABR. This was based 
on the knowaedoe aoenda AMR, the rtrateoic rerearch aoenda ( RA) of the JPIAMR, and the 
aeter to Paraiament of June 2015. VW  rtrerred the importance of internatonaa aaionment of 
rerearch and the need for outcomer that rupport poaict makino in the neet fiie tearr [170].  

 

Creation of 
knowaedoe 
agenda ABR 

Preparation of 
ABR research 

program 

Approiaa and 
eeecution A R 

research 
program 
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On the one hand ir thir noton aimed to create awarenerr amono rerearcherr on the 
appaicabiaitt of their rerearch. On the other hand, if for eeampae a new taroet for antbiotc 
actiitt in a bacterium ir dircoiered, mant rtaoer rtaa need to be crorred in order to produce a 
new antbiotc (a procerr that taker s 15 tearr). In order to adiance there deieaopmentr, 
European prooramr and internatonaa cooperaton are of importance [Appendie II.2].  

Four research themes were identfied: 

1. Mechanirmr for inducino and tranrmitno antbacteriaa rerirtance. 
2. Appropriate diaonortcr. 
3. Mechanirmr and taroetr for new antbiotcr and aaternatier to antbiotcr. 
4. Optmizino antmicrobiaa therapt: doraoe and ure.  

Aaer approiaa bt VW , ZonMw war formaaat commirrioned to eeecute the rerearch prooram 
ABR. It war noted that atenton had to be oiien to innoiaton, pubaic-priiate cooperaton and 
identficaton of and roautonr to barrierr for the impaementaton of innoiatonr and new 
diaonortcr. There criteria were taken into account upon draaino the firrt caaa, tooether with 
the criteria that were ret bt ZonMw. One of which ir the accerr and rharino of data obtained 
in the funded research. 

The firrt caaa, with a budoet of €4.6 miaaion has been set out, and receiied 88 project idear. The 
other two caaar wiaa foaaow in 2017 and in 2018. The memberr of the project commitee wiaa tert 
there for their reaeiance and broadat on rerearch quaaitt. Approeimateat 20 rerearch oroups 
wiaa be arked for a more eetenriie rerearch proporaa. There proporaar are reiiewed bt two or 
more independent rerearcherr, without a conflict of interert, from different fieadr of eepertre 
[Appendie II.2]. About 10 rerearch oroupr are eepected to be oranted funding [171]. 

 

 he puoouas cossWtee  
The prooram commitee paatr a centraa roae in thir procerr. 
The commitee ir rerponribae for formuaatno and eeecutno 
the program. The board of ZonMw arrionr a diierre prooram 
commitee bared on their perronaa capacitt. Criteria incauded 
the knowaedoe of, eepertre with, and affinitt for the fiead of 
A R, and knowaedoe and affinitt for rerearch.  
To preient ant unfair adiantaoer, a code of conductr har 
been ret up, and ant (hintr of) conflictr of interert are banned 
[170].  

In oeneraa, a prooram commitee at ZonMw conrirtr out of 6-
8 memberr, but becaure of the broad fiead of AMR, and the 
reaatieat rmaaa number of AMR rcientrtr in the Netheraandr, 
the AMR prooram commitee conrirtr out of 18 memberr. 
Obrerierr from VW  and the minirtrt of Economic Affairr (EZ) 
wiaa be iniited to the commitee meetnor.  

Marnix Medema, 
assistant professor at 
 aoeeWeoee UeW eutWty, 
on the sharing of data:  

“ e fied Wt Wspoutaet 
that the tofwaue that 
we develop is open 
source, freely accessible. 
 e coeduct ouu ueteauch 
with public money, 
therefore is should be 
accessible and usable by 
the public as well.” 
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8.3. THE NETHERLANDS CENTRE FOR ONE  EA.T  (NCO ) 
The Netheraandr Centre for One  eaath war aaunched on the 4th of Februart 2016 and ir a 
iirtuaa science-driien inrttuton, which creater partnerrhipr between academic rerearch 
inrttutonr[13]. It aimr to tackae the rirk of infectour direarer, in a  One  eaathy manner. It 
focuses on four rerearch themer, one of which beino  Tackaino Antmicrobiaa Rerirtancey.  With 
the NCO , the different partnerr aim to deieaop beter rerearch proporaar in an 
interdircipainart manner (and thur aaro increarino their chance for fundino), romethino that ir 
more difficuat for a rinoae rerearch inrttuton.    

In their AMR rerearch theme, the ooaa ir to decreare the morbiditt and mortaaitt of antbiotc-
rerirtant bacteriaa infectonr in humanr. Thir probaem ir diiided into a probaem chain eeirtno 
out of three probaemr, with different roauton retr to tackae thir probaem (Fioure 26).  

 

 

 

 

 

  

FIGURE 26: PROBLEM CHAIN AND CORRESPONDING SOLUTION SETS FROM THE NCOH. ADAPTED FROM [13] 
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CHAPTER 9: TOWARDS A NEW ANTIBIOTIC 
9.1. THE VALUE CHAIN OF ANTIBIOTIC DEVELOPMENT 
In rupport of the G7yr Gaobaa  nion for Antbiotcr Rerearch and Deieaopment (G ARD) 
Initatie, an adiirort conrortum war commirrioned bt the German Federaa Minirtrt of 
 eaath to eeamine the ket barrierr of antbiotc deieaopment [5]. To thir end, thet firrt 
anaatzed the deieaopment and marketno of an antbiotc. Fiie ruccerriie pharer aaono the 
deieaopment and commerciaaizaton iaaue chain were identfied (Fioure 27): 

1. Basic research 
2. Precainicaa deieaopment 
3. Cainicaa deieaopment 
4. Market approiaa 
5. Commerciaaizaton 

 

 

FIGURE 27: OVERVIEW OF THE ANTIBIOTICS VALUE CHAIN. ADAPTED FROM [5]. 

Private and public players 
Aathouoh ro far in this report pubaic baric rerearch mainat har been conridered (in for eeampae 
knowaedoe inrttutonr), thir ir done bt priiate paaterr ar weaa, ruch ar aaroe pharmaceutcaa 
companier.  oweier, there har been a reduced iniertment bt them in baric rerearch, due to 
the aow commerciaa atractienerr of antbiotcr, dercribed beaow. The number has shrunk 
from around 20 pharmaceutcaa companier in the 1990r, to fiie of the top 50 remainino actie 
companies[5].  

Aaer baric rerearch, promirino rcientfic idear haie to be tranraated into cainicaa ruccerrer, iia 
precainicaa deieaopment. The pharmacoaooicaa profiae ir characterized, and toeicitt ir terted in 
animaa modear, actiiter done both bt knowaedoe inrttutonr and bt pharmaceutcaa 
companier. Thir phare ir aaro caaaed the  iaaaet of deathy, due to the aack of idear making it into 
the cainicaa phare.  
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Neet, durino cainicaa deieaopment, rafett in humanr and the efficact of antbiotcr ir terted. 
Pharmaceutcaa companier and biotech companier are abae to driie thir (eepenriie) phare. 
Aaer market approiaa bt druo reouaatort authoriter, the antbiotc ir commerciaaized [5]. 
Other paaterr within thir iaaue chain incaude for eeampae iniertment companier or network 
oroanizatonr. An eeampae of a network oroanizaton in the Netheraandr, which focuses on 
antbiotc deieaopment, is Immuno Vaaaet. Thet haie ret up a rerearch prooram aimino at the 
deieaopment of aaternatier to antbiotcr for animaar, bt retno up partnerrhipr between 
knowaedoe inrttutonr and burinerrer, or between burinerrer and burinerrer.  
 
9.2. MAIN BARRIERS  
In the G ARD report, two major chaaaenoer were identfied aaono the antbiotc iaaue chain: 
aow commerciaa atractienerr of antbiotcr and a aack of promirino reruatr in baric rerearch. 

As can be seen, in fioure 27, companier oeneraaat need to make iniertment decirionr at aeart 
15 tearr before an antbiotc comer to the market. In additon, the faiaure rate of research into 
new antbiotcr ir hioh: onat between 1.57 and 3.57 of druo compoundr are ruccerrfua in their 
path from earat eepaoraton to market approiaa [172]. Aathouoh thir ir true for aaa ttper of 
druor, the unpredictabiaitt of the heaath need ir hioher in the care of antbiotcr. If rerirtance 
remainr abrent, the oad antbiotcr can work jurt ar oood ar new antbiotcr. The amount of 
peopae needino the new antbiotc ir thur aimited to the rubret of patentr that ir infected with 
rerirtant bacteria. In additon, mechanirmr and paternr of rerirtance can chanoe rapidat and 
unpredictabae, it ir difficuat to determine the heaath need ro mant tearr ahead [172]. 
Moreoier, ar rerirtance oeneraaat occurr in rerponre to the ure of a new antbiotc, there wiaa 
be rereried for aart-aine treatment. There factorr aaa contribute to the aow commerciaa 
atractienerr of antbiotc deieaopment. To iaaurtrate thir, the OyNeiaa commirrion har 
caacuaated that profitr from antbiotc rerearch currentat wouad onat be achieied aaer 23 tearr 
(Fioure 28). Hioh commerciaa atractienerr on the other hand wouad aead to hioh actiitt, 
potentaaat compenratno other chaaaenoer, ruch ar thore in baric rerearch [5].  
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FIGURE 28: CUMULATIVE PROFITS OF ANTIBIOTIC RESEARCH WOULD ONLY BE ACHIEVED IN YEAR 23, 
ILLUSTRATING THE LOW COMMERCIAL ATTRACTIVENESS OF THESE TYPES OF DRUGS. ADAPTED FROM [232].  
 

The reduced iniertmentr into baric rerearch bt pharmaceutcaa companier haie not been fuaat 
compensated bt academic inrttutonr. Thir har aed to a  brain drainy of rerearcherr. It har 
been ertmated bt muatpae eepertr that the number of rpeciaaized antbiotc rerearcherr har 
decained to onat 250-500 indiiiduaar woradwide. Tooether with thir aorr of eepertre, reriour 
rcientfic chaaaenoer are prerent, increarino the probaemr in baric rerearch [5]. Thus, both 
rcientfic and economic barrierr eeirt when it comer to antbiotc rerearch, affectno muatpae 
rtakehoaderr in the antbiotc innoiaton pipeaine.   
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CHAPTER 10 – DIFFERENT POINTS OF VIEW 
10.1. INTRODUCTION 
One of the rtakehoaderr in the AMR innoiaton procerr ir the ooiernment, which couad aid in 
remoiino the rcientfic and economic barrierr mentoned. Thet currentat do ro directat (on 
natonaa aeiea) mainat iia the initatier mentoned in chapter 8.  In order to gain insight into 
the conrideratonr that can be made regarding their roae in AMR (rtnbio) innoiaton, reieraa 
interiiewr and a quertonnaire were head. To thir end, different rtakehoaderr at iariour pointr 
in the antbiotc innoiaton pipeaine were determined and thet were arked on their iiewpoints 
on thir mater. There rtakehoaderr are aaa inioaied in different procerrer of thir pipeaine, and 
thur haie point of iiewr reaatno to thir inioaiement. A fuaa airt of interiiew partcipantr can be 
found in Appendie II.1.  

Ar mentoned, both introductort/eepaoratort interiiewr were head, ar weaa ar remi-structured 
interiiewr. In additon, one interiiew war head for critcaa reflecton. The answers that were 
oiien in there interiiewr were cateoorized into the foaaowino cateoorier and can be found in 
Tabae 5: 

- The mort prominent roauton directon that war reen for AMR in oeneraa.  
- The main barrierr in the current deieaopment of new antbiotcr/aaternatier/diaonortcr. 
- Who rhouad make the neet moie in order to heap there deieaopmentr further. 

Not eiert partcipant in the interiiew war famiaiar with rtnbio in ruch a wat ar to determine 
the barrierr and chancer for rtnbio in AMR. In additon, whiae rome anrwerr were mortat 
focured on rtnbio in AMR in a broad renre, rome were more rpecific (mainat from rcientrtr).  

The quertonnaire war head amono mortat AMR rcientrtr and aimed to gather their opinion of 
on the iiabiaitt of the current deieaopmentr of new antbiotcr and aaternatier to antbiotcr. 
Thet were aaro arked what war needed in order to heap the deieaopmentr further, and whore 
neet moie wouad be mort important in order to do ro. The quertonnaire, and a more 
eetenriie report on the reruatr, can be found in Appendie IV.  

10.2 RESULTS 
In the tabae beaow (Tabae 5), the reruatr of the interiiewr are rhown. Ar mentoned, not aaa 
rtakehoaderr had enouoh rpeciaaized knowaedoe on the deieaopmentr within rtnbio that 
contribute to tackaino AMR in order to proiide there anrwerr. The reruatr in part one couad 
contribute to increarino their knowaedoe on there deieaopmentr. 

Therefore, onat the rtakehoaderr that couad proiide an anrwer reoardino the chancer and 
barrierr of rtnbio are rhown. There rtakehoaderr oaen proiided muatpae anrwerr (Tabae 6).   

 

 

  



P a g e  | 65 
 

 

10.2.1. RESULTS REGARDING THE ROLE OF THE GOVERNMENT IN AMR INNOVATION 

Stakeholrer Type of 
intervieo 

Proaess 
involvement 

Soluton rireaton Main barriers Whose next 
move? 

Prof. syntheta 
 iology. 

Introductort Research - Economic 
barriers. 

- 

Hear of meriaal 
miaro iology at a 
hospital (1) 

Introductort Use of the 
product 

New antbiotcr 
with a new working 
mechanism + 
infecton 
preienton and 
rurieiaaance 

Economic 
barriers 

Goiernment 

Poliay maker VWS 
(1) 

Introductort Poaict 
deieaopment  

Infecton 
preienton and 
rurieiaaance  

Economic 
barriers 

- 

Ass. Prof. 
Moleaular 
Miaro iology 

Introductort Research - - Goiernment  

Ass. Prof. 
Bioinformatas 

Introductort Research Not one roauton  Economic 
barriers 

 

Hear of AMR 
funring program 

Introductort Research 
funding 

- - - 

Investment 
professional 

Semi-
structured 

Research – 
Deieaopment & 
producton 

More recooniton 
of the probaem 

Economic 
barriers 

Goiernment 

Poliay maker VWS 
(2) 

Semi-
structured  

Poaict 
deieaopment 

Infecton 
preienton and 
rurieiaaance 

Mortat 
rcientfic, to a 
aerrer deoree 
economic 
barriers 

Indurtrt and 
rcientrtr 

Netoork 
organiiaton anr 
serviae offiae 
managing rireator 

Semi-
structured 

Research – 
Deieaopment & 
producton 

-  oth rcientfic 
and economic 
barriers, 
intertwined 

Various 

Hear of meriaal 
miaro iology at a 
hospital (2) 

Semi-
structured 

Use of the 
product 

Infecton 
preienton and 
rurieiaaance 

Economic 
barriers 

Goiernment and 
knowaedoe 
inrttutonr 

TABLE 5: RESULTS OF THE INTERVIEWS, ANSWERS ARE CATEGORIZED INTO THREE GROUPS. 
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10.2.2. RESULTS REGARDING THE CHANCES AND  ARRIER  OF  YN IO (IN AMR). 

Stakeholrer Type of intervieo Proaess 
involvement  

Chances  Barriers  

Prof. syntheta  iology Introductort Research Potentaa in AMR, but 
not necerrariat biooest 
spin-off of rtnbio.  

 tnbio rerearch taker 
tme.  

   Optmaairaton of 
producton pathwatr 
with rtnbio. 

 

   No resistance 
mechanirmr tet 
against new-to-nature 
moaecuaer. 

 

Ass. Prof. Moleaular 
Miaro iology 

Introductort Research Endoatrinr Laws- and reouaatonr  

    Bacteriophages: no 
compaete aaternatie for 
antbiotcr; rerirtance 
deieaopment 

Ass. Prof. Bioinformatas Introductort Research Potentaa, rtnbio wiaa 
be a game-changer in 
the neet 20 tearr 

 

   Big impact on the 
dircoiert of new 
naturaa productr  

 

   Faiorabae pubaic 
opinion in oeneraa 

Pubaic opinion on GMOs 
in paantr not ar faiorabae 

Investment professional Semi-structured Research – 
Deieaopment 
& Producton 

Not the mort obiiour 
rerearch area, but a aot 
har oone rioht aateat 

Perhapr pubaic 
acceptance, aathouoh 
GMO acceptance is 
beter 

Netoork organiiaton 
anr serviae offiae 
managing rireator 

Semi-structured Research – 
Deieaopment 
& Producton 

Generaa chancer for 
rtnbio in AMR 

Laws- and reouaatonr 

    High costs 

Hear of meriaal 
miaro iology at a 
hospital 

Semi-structured Use of the 
product 

Chancer for rtnbio in 
diaonortcr 

Deieaopment of 
rerirtance aawatr occurr 
(aaro with new 
moaecuaer) 

TABLE 6: RESULTS OF THE INTERVIEWS REGARDING THE CHANCES AND BARRIERS FOR SYNBIO (IN AMR).  
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10.2.3. RESULTS OF THE QUESTIONNAIRE 

For a more eetenriie report on the quertonnaire reruatr and a dercripton of the backoround 
of the partcipantr of the quertonnaire, ree Appendie IV.2.  Here, the mort important reruatr 
are oiien (Tabae 7).   
 
Queston Type of queston Result (most given ansoer) Result (least given ansoer) 

On ohat ooulr you 
spenr a hypothetaal 
large sum of money, 
tooarrs the 
revelopment of neo 
ant iotascalternatves?  

Open Mining/screening for new 
antbiotcr in nature 

- 

What revelopment has 
the highest potental?1 

Caored  Modificatonr to eeirtno 
naturaa compoundr 

.trinr 

What is neerer in orrer 
to help these 
revelopments further? 

Caored   cientfic interientonr 
(rcientfic educaton, 
infrastructure for research, 
more rcientfic cooperaton) 

- 

Whose next move is 
most important? 

Caored Goiernment and knowaedoe 
inrttutonr 

- 

TABLE 7: RESULTS OF THE QUESTIONNAIRE. 

 

  

                                                            

 
1  oteetWal hat beee defWeed at  beWeo able to ueach the sauret the fattett’.  
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10.3. DISCUSSION 
10.3.1. THE PROBLEM AND ITS SOLUTIONS 

Ar mentoned before, AMR ir a compaee and muat-faceted probaem that requirer a rimiaar 
approach. Therefore, it ir not reaairtc to eepect a rinoae roauton to be the anrwer to thir 
probaem. It reemr howeier, that in the Netheraandr, infecton preienton and rurieiaaance 
(aaro of rerirtant bacteria from  abroady) are generaaat perceiied to be of main importance. As 
one medicaa proferrionaa raid: “It is not enough to create new antbiotcr, ar we did in the  60s 
and  70r. The ure of an antbiotc rhouad be the eecepton, and rerirtance needr to be 
preiented ar much ar porribae.. Thir iiew ir aaro rhared bt poaictmakers of VWS. Aathough 
another medicaa proferrionaa agreed with thir iiewpoint, he aaro underscored the critcaa 
importance of the deieaopment new antbiotcr, with new workino mechanirmr. From hir 
perrpectie, it ir not necerrart to know were there antbiotcr wouad come from, ar aono ar 
thet are rafe and efficient. It was aaro rtated bt a medicaa proferrionaa that onat antbiotcr for 
the most urgent and important bacteria are needed.  A reason according to which it is thought 
that broad rcreenino for antbiotcr wouad perhaps not be iert effectie.  In additon, it ir aaro 
preferred that the antbiotcr that are ured are taroeted ( rmart antbiotcry and directed drug 
deaiiert). In order to achieie thir, he thinks appropriate diaonortcr wiaa be necerrart. “No 
doctor ir nowadatr abae to properat diaonore an infecton with antbiotc rerirtant bacteria 
without the appropriate microbioaooicaa diaonortcr..  
 
Conclusion 
From a poaict point of iiew and a medicaa point of iiew, the deieaopment of new antbiotcr 
and aaternatier ir not necerrariat the mort important roauton towardr the tackaino of AMR. 
Infecton preienton and rurieiaaance are reen ar mort important, aathouoh there remainr 
rome diraoreement.   oweier, in the deieaopment of new antbiotcr, the focur rhouad aie on 
their functonino aoainrt the mort important and uroent bacteria, in a targeted manner.  In 
order to achieie thir, appropriate diaonortcr wouad be necerrart.  
 

10.3.2. RESEARCH FUNDING 

The dirtributon of fundino proiided bt the ooiernment ir currentat eeecuted bt ZonMw. 
Wherear the preiiour rerearch prooram AMR focured mainat on the deieaopment of new 
antbiotcr, the current rerearch themer are broader. There themer correrpond with the iiew 
that the deieaopment of new antbiotcr aaone wiaa not roaie the probaem. Ar mentoned 
before, there themer are bared on reieraa interiiewr, reportr and rurietr. A wirh from VW  
ir that the outcomer of thir rerearch wiaa contribute to choicer bt poaict makerr in the tackaino 
of AMR.  

Thir rhouad chaaaenoe rerearch oroupr to aareadt think about the appaicabiaitt of their 
research. The decisions on the actuaa diiirion of thir fundino ir done within the prooram 
commitee, with the heap of (foreion) eepertr. A process that is reen bt one rcientrt ar 
suitabae, aathouoh he wouad think of the eepert panea to eeirt aaro out of companier.  
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On the other hand, in the interiiew that aided in critcaa reflecton of the anrwerr oiien, it war 
stated that this managing of rcientfic fundino har carried on too far and an inrttutonaaized 
dirtrurt towardr rcientrtr har ariren.  ecaure of the aono procedurer and eeternaa eepertr, it 
was thought that the tendenct eeirtr bt the fundino oroanizatonr to abrtain from takino 
rerponribiaitt. In additon, the hioh proceduraa cortr couad aaro be rpend on more rerearch. 
The interiiewee therefore aiked to ree a biooer mandate towardr knowaedoe inrttutonr, 
aeaiino the diiirion of fundino op to them. 

One medicaa proferrionaa notes here that in his opinion, the current research programs are 
iert focured on academia, but co-creatiitt ir not necerrariat confined to rerearch centerr. 
Partcipaton and inioaiement in decirion makino bt the peopae at the end of the innoiaton 
chain ir aaro important. The importance of rerearch har to be reen bt eiertone (incaudino 
citzenr and patent oroanizatonr), which couad aaro aead to more out-of-the-boe idear.  

 
Guiding research 
Guiding research more (in additon to the eeirtno rerearch themer) towardr a rpecific 
directon of rerearch at thir point can be difficuat or unwanted. Thir ir eeempaified bt the 
dircord in the anrwerr of the quertonnaire partcipantr. When a oroup of 60 AMR 
rtakehoaderr (mortat rcientrtr) war arked which deieaopmentr haie the mort potentaa to 
proiide ur with new antbiotcr or aaternatier, there war aitae aoreement.   oweier, when 
openat arked 13 of 60 quertonnaire partcipantr wouad fund the minino/rcreenino for new 
antbiotcr in nature.  When oiien a ret of anrwers to create a top 3 out of, 33 of 60 
partcipantr wouad choore to create modificatonr to eeirtno compoundr ar the deieaopment 
that wouad aead to a product caorert to the market.  oweier, thir mioht be becaure potentaa 
war defined ar  beino caorert to the markety. Mainat from a rcientfic point of iiew, and bared 
on critcaa reflecton, it ir aaro thouoht that the current fundino criteria aareadt guide research 
too much, and guidino the reruatr of rerearch ir not porribae. In additon, concernr haie been 
raired oier the amount of creatiitt rerearcherr rtaa haie when rerearch criteria are being set 
too rtrictat.  

On the other hand, rpecific wirher eeirt in heaathcare retnor when it comer to rerearch 
outcomer. Ar mentoned bt one medicaa proferrionaa, heaathcare proferrionaar wouad aike to 
haie antbiotcr towardr the mort important and urgent bacteria that functon in a 
perronaaized manner, tooether with appropriate diaonortcr.  oweier, whiae one rcientrt 
underrtandr there wirher from a medicaa proferrionaary point of iiew, he reer difficuater in 
fuafiaaino there wirher.  e rtater that antbiotc rerearch and deieaopment require a aot of 
tme, unta a product ir readt to be ured (10-15 tearr). Thir mioht caure that aathouoh rerearch 
ir matchino cainicaa needr at that tme, it mioht not be ant more when rerearch har finirhed. 
10-15 tearr aater, different muat-drug resistant pathooenr mioht haie to be taroeted than 
thore rioht now.  e therefore thinkr current rerearch rhouad focur more creatno a muatpae 
different therapeutcr, with different workino mechanirmr, from different fieadr of rerearch. 
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The role of the government 
 houad research indeed be more guided towards these demands? And if decidino upon 
matchino heaathcare demand and onooino rerearch, whore roae rhouad it then be? Pubaic 
heaath ir oeneraaat the rerponribiaitt of the ooiernment. In additon, antbiotc effectieness is 
an economic oood that har rome characterirtcr of a pubaic oood. Pubaic ooodr are non-riiaaed 
and noneecauriie in conrumpton. Pubaic ooodr are uruaaat either proiided bt a ooiernmentaa 
aoenct or bt rome ttpe of coaaectie oroanizaton [173]. Therefore, is can be argued that some 
roae of the ooiernment in thir procerr wouad be required. From the perrpectie of a network 
oroanizaton, it war therefore suggested to think of two reparate ainer of AMR rerearch: 
eepaoratie (baric) rerearch in which the ooiernment doer not paat a roae, and market- and 
heaathcare- ouided rerearch in which the ooiernment can paat a faciaitatno roae.   

Currentat, there ir no caear ouidance bt the ooiernment to rtmuaate partcuaar deieaopmentr 
to wouad aead to new antbiotcr, aaternatier or diaonortcr. The ooiernment financer AMR 
research, and guides the main themes of the AMR research program of ZonMw.  oweier, the 
rerponribiaitt of diiidino thir rerearch fundino aier with ZonMw. From a poaict perrpectie, it ir 
oeneraaat difficuat to make a weaa-rubrtantated decirion about the thinor that are needed the 
mort. Poaict makerr oeneraaat aack the rpeciaaized knowaedoe to reaect the deieaopment with 
the bert potentaa. In additon, poaict makerr mioht haie a aerr comprehenriie iiew of the end 
of the innoiaton chain. An interiiewee that critcaaat reflected on thir mater stated that this is 
not necerrariat a probaem, ar aono ar there ir enouoh trurt in the rcientrtr that conduct the 
rerearch. Ar mentoned, a fear aaro eeirtr that too much ouidance from the ooiernment wiaa 
come at the eepenre of creatiitt in rerearch. The bert innoiatonr haie orioinated 
 coincidentaaaty, or ar a btproduct of rerearch.  
 oweier, accordino to 60 rtakehoaderr inioaied in AMR, mortat rcientrtr inioaied in rerearch 
(n=56), the neet moie of the ooiernment ir indeed iert important. A iiewpoint that ir aaro 
rhared bt other interiiew partcipantr throuohout the innoiaton pipeaine. Couad the 
ooiernment then paat a different roae in the innoiaton pipeaine inrtead of ouidino rerearch? 
 
Conclusion 
 pecific wirher and needr at the end of the antbiotc pipeaine mat require rerearch to be 
more directed towardr thore rpecific demandr. It can be aroued that, becaure AMR ir oaen 
seen as a pubaic heaath probaem, and antbiotc effectienerr har rome characterirtcr of a 
pubaic oood, a roae for the ooiernment ir aaid out.  oweier, the rteering or guiding of research 
ir oeneraaat perceiied to come at the cort of creatiitt, romethino that mant innoiatonr we 
currentat haie ir bared on. In additon, it ir thouoht that the reruatr of rerearch cannot be 
rteered or ouided at aaa. Knowaedoe on current deieaopmentr, heaathcare demandr (patent 
and medicaa proferrionaa) and market demandr wouad be necerrart to ouide rerearch. 

Currentat, poaict makerr oaen aack the rpeciaaized knowaedoe to decide upon the potentaa of a 
certain deieaopment. Therefore, ouidino or rteerino rerearch (and itr reruatr) towardr the 
rpecific demandr mioht not be the mort ruitabae roae for the ooiernment.  
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10.3.3. FROM RESEARCH TO PRODUCT 

Tooether with a roae for the ooiernment, AMR rcientrtr ree a aaroe roae for knowaedoe 
inrttutonr to heap the deieaopmentr aeadino to new productr further. Interientonr focurino 
on academia and rerearch are therefore iaaued the mort in the quertonnaire.  cientfic 
educaton, infrartructure for rerearch and more rcientfic cooperaton are reen ar mort 
important, aathouoh the importance of interientonr further in the deieaopment chain ir reen 
ar weaa.  oweier, mort partcipantr of the interiiew do not ree rcientfic barrierr ar the main 
barrier hoadino back the deieaopment that couad aead to new antbiotc productr or 
diaonortcr.  

Aathouoh rcientrtr are oeneraaat focured on pubairhino, romethino that ir aaro required bt the 
uniierritt, thet are not ar naiie ar oeneraaat thouoht when it comer to brinoino their rerearch 
to practce, accordino to a rcientrt. Or, as one medicaa proferrionaa putr it, uniierriter, 
tooether with the ooiernment, haie the rerponribiaitt to brino knowaedoe into the rociett. 
 oweier, he aaro rtater that knowaedoe inrttutonr oeneraaat are aimited in their means to 
adiance thir knowaedoe further. Therefore, rmaaa- or medium enterprises, or big pharma are 
needed to deieaop thir knowaedoe into a product.  

 
 he butWeett sodel of aetbWotct aed dWaoeottct 
Aamort aaa partcipantr of the interiiewr at iariour pointr in the innoiaton chain ree the 
burinerr modea for the deieaopment of antbiotcr ar the main barrier. An economic barrier ir 
aaro reen ar mort important for the deieaopment of new diaonortcr, erpeciaaat bt medicaa 
proferrionaar. In the current modea, diaonortcr are not reimburred; meanino doctorr or 
nursing homes haie to pat for there out of their own budoet. Indicated diaonortcr are 
therefore an eepenre, which creater a barrier for their ure. There barrierr couad preient 
indurtrt or iniertment companier from iniertno in antbiotc or diaonortc rerearch. For an 
iniertment compant for eeampae, the chancer of an iniertment are determined bt the ure of 
that product bt peopae. It was noted here bt the interiiewee from a network oroanizaton, 
that economic barriers cannot be seen separateat from rcientfic barrierr. “The aow-hanging 
fruit har aareadt been picked, and the procerr of antbiotc dircoiert ir not ar it ured to be, it 
har become compaee.  ecaure of thir compaeeitt, the rirkr and cortr haie become high, 
creatno economic barrierr ar weaa.. 

Solutoet aed the uole of the oo eueseet  
If mainat economic barrierr are reen, antbiotc innoiaton rhouad therefore matbe not 
depend on the market aaone. Thir couad impaicate that a roae of the ooiernment is needed. 
The partcipantr of the interiiewr haie ruooerted reieraa roaer of the ooiernment to be 
inioaied in thir procerr. . 

First, ecoeosWc Weceet et can be created that can rtmuaate the indurtrt to iniert in antbiotc 
and diaonortc rerearch and deieaopment. A compariron war made bt an iniertment 
proferrionaa and a poaict maker between antbiotc and orphan druor. For both productr, the 
amount of peopae that need it, and ir ooino to ure it, ir rmaaa. The Orphan Druo Act, which 
conrirted out of reaatieat rmaaa incentier, created a aaroe effect.  uch an approach couad aaro 
be taken when it comer to the deieaopment and producton of antbiotcr.  
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Second, one medicaa proferrionaa wouad aike to ree the ooiernment partcipate more in the 
process of technology transfer, thur rtmuaatno the onooino deieaopmentr in an earat rtaoe. 
Aathouoh the indurtrt oeneraaat rtepr in to fuafiaa thir roae, ar mentoned, financiaa incentier to 
do ro are currentat aackino. In hir proporaa, he rtater one modea couad inioaie the indurtrt on 
one point takino oier there deieaopmentr from the ooiernment, aaer which a certain 
percentaoe rhouad be paid back to rociett.  oweier, accordino to a poaict maker, ooiernmentr 
are oeneraaat rereried when it comer to an actie inioaiement in procerrer aike technoaoot 
tranrfer. Thir ir probabat due to the rame rearonr for which thet remain rereried in ouidino 
research, deciding upon which deieaopmentr to rtmuaate and which not.  oweier, it couad 
aaro be becaure of the fact that the ooiernment oeneraaat wantr to rafeouard itr pubaic roae, 
thur not actieat cooperatno with the indurtrt. 

Third, public-private partnerships (PPPs) couad be increared, aaro one of the main current 
approacher of the ooiernment. It aaro recurr ar one of the criteria of the AMR rerearch 
prooram of ZonMw. From the perrpectie of a poaict maker, there pubaic-priiate partnerrhipr 
rhouad be enhanced.  oweier, a rirk of this approach ir aaro mentoned: “When spending 
pubaic monet, a different moraa dutt eeirtr, ar compared to rpendino priiate monet. In the firrt 
care, different rocietaa probaemr, for eeampae thore of aerr-weaatht countrier, are taken into 
account. In the aater care, there are oaen no rocietaa ooaar, mainat financiaa ooaar. In pubaic-
priiate partnerrhipr, thir diiidino aine ir more baurred, perhapr creatno indirtnctnerr about 
the moraa duter that eeirt. A rirk that eeirtr then, it that priiate ooaar couad be foaaowed more 
oaen than pubaic ooaar. Thir ir a procerr that needr to be ouarded at aaa tmer..  

Goiernmentr, or ooiernmentaa aoencier are therefore oeneraaat rereried in their inioaiement 
with indurtrt. For them, it ir of oreat importance to rafeouard the pubaic interert.  Accordino to 
an interiiewee from a network oroanizaton, it ir porribae, and necerrart, to create 
coaaaboratonr with indurtriaa partnerr: “Networkr wiaa be necerrart to roaie compaee irruer 
ruch ar AMR.. One method of aioidino there probaemr, ir bt inrtatno non-profit companier 
that poriton themreaier between rerearch and burinerr.  

 oweier, becaure of the oraiitt of the AMR probaem, and the fact that it inioaier pubaic 
heaath, rtaa requirer the ooiernment to haie rome rort of influence or rerponribiaitt.  t 
fundino there ttper of companier, their eeirtence ir not compromired, or aea to the 
unpredictabiaitt of the market.  In additon, the ooiernment can keep a rource of knowaedoe 
(both on rcientfic and burinerr deieaopmentr) caore.  
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Conclusion 
A bio roae ir oeneraaat contributed to knowaedoe inrttutonr when it comer to adiancino AMR 
deieaopmentr further.  cientfic educaton, infrartructure for rerearch and more rcientfic 
cooperaton are reen ar the mort important interientonr from a rcientfic perrpectie. 
 oweier, the mort important barrierr are perceiied to be economicaa, aathouoh there mioht 
be difficuat to ree reparateat from rcientfic barriers. Thir couad impaicate a aaroer roae for the 
ooiernment, ar antbiotc innoiaton can therefore not depend on the market aaone.  eieraa 
roautonr towardr remoiino there barrierr haie been ruooerted bt the partcipantr of the 
interiiewr:  

- Creatno economic incentier 
- Faciaitatno technoaoot tranrfer 
- Creatno pubaic-priiate partnerrhipr 

The ooiernment can paat a roae in aaa of there roautonr, aaa in a different manner. Whiae the 
creaton of economic incentier ir reen ar a rmaaa interienton with porribae bio reruatr, 
faciaitatno technoaoot tranrfer actieat mioht pore more difficuater, for eeampae in the 
reaecton of deieaopmentr with the mort potentaa.  

One other wat the ooiernment couad be inioaied in creatno roautonr towardr economic 
barrierr, ir the faciaitatno of PPPr. To aioid the rirk of not rafeouardino pubaic interert, the 
ooiernment couad faciaitate eeternaa companier to create there coaaaboratonr. Thir wat, the 
ooiernment couad aaro eariat rtat up to date on both rcientfic and burinerr AMR 
deieaopmentr.   

 

  



P a g e  | 74 
 

 

CHAPTER 11 – CONCLUSIONS AND 
RECOMMENDATIONS  
In thir report, two objectier are ret out to be achieied: 

 

 

 

 

 

 
11.1. CONCLUSIONS OBJECTIVE 1: 
 tnthetc bioaoot ir a quickat emeroino fiead of rerearch, which not onat offerr new tooar, but 
aaro a new wat of thinking. It approaches bioaoot with an enoineerino perrpectie, 
characterizino, derionino and conrtructno noiea bioaooicaa rtrtemr. Thir tranrformaton in 
thinkino ir not necerrariat iert recent, but the fiead har become more popuaar and has grown 
and eioaied rapidat. Thir ir due to for eeampae the increarinoat cheaper producton of DNA and 
our orowino knowaedoe of DNA requencer. Amono the mant appaicatonr of rtnthetc bioaoot, 
is itr contributon to tackaino heaath probaemr, ruch ar antmicrobiaa reristance. The watr it 
couad do ro, haie been dercribed eetenriieat in thir report, and are rummarized in Tabae 8. It 
has to be noted that aicenred and cainicaaat approied appaicatonr are oeneraaat rtaa far awat – 
aamort aaa deieaopmentr mentoned in thir report are rtaa in their proof-of-principae phare. 
The deieaopment of noiea diaonortcr howeier, ir rubjected to aerr rtrict reouaatonr than the 
deieaopment of noiea therapeutcr, which couad aower their tme towardr a cainicaaat approied 
product.  tmuaaton of rerearch or the improiement of reouaatonr (with reoard to itr tme 
conrumino nature) in druo approiaa couad aid in adiancino there and other deieaopmentr 
further. Because of its wide range of appaicatonr and itr rpeed of deieaopment, there are 
mant eepectatonr for rtnbio. Aathouoh it is said that the deieaopmentr within AMR are 
probabat not the biooert rpin-off of thir fiead (more aikeat the ure of bacteria ar factorier for 
biofuear or paatorm chemicaar), much is rtaa eepected for the ure of rtnbio in druo dircoiert. 
There are mant moaecuaer, either naturaa or new-to-nature to be dircoiered, in which rtnbio 
couad be of heap. In the Netheraandr, the rpecific rtnbio/AMR research fiead ir rmaaa, and much 
more ir beino done towardr other appaicatonr of rtnbio. The rtnbio/AMR rcientrtr therefore 
see internatonaa cooperaton (for eeampae with the  K or the   ) as necerrart for ruccerrfua 
rerearch and deieaopment. 

  

1. To create ae attettseet of the de elopseett We tyethetc bWolooy that aue uele aet fou 
aetsWcuobWal uetWttaece.  hWt Wecludet both eew aetbWotct, alteueat et to aetbWotct, aed 
dWaoeottct. 

2.  o sap the coetWdeuatoet that can be made by the government on their role in (synbio) 
Weeo atoe We N R.  
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Novel ant iotas Alternatves to ant iotas Diagnostas 

Taroet identficaton urino the 
minimaa oenome approach 

Engineered bacteriophages Pathooen detecton urino 
improied bacteriophaoer 

 creenino paatormr Enoineered probiotcr Paper-bared diaonortcr 

Dircoiert of noiea naturaa 
antbiotcr bt awakenino 
 riaenty  CGr 

Enoineered atrinr  

Creatno new-to-nature 
moaecuaer 

Acceaerate iaccine 
aiaiaabiaitt/creatno  rmarty 
iacciner 

 

TABLE 8: SUMMARY OF THE SYNBIO DEVELOPMENTS THAT COULD CONTRIBUTE IN TACKLING AMR.  

 

11.2. CONCLUSIONS OBJECTIVE 2: 
The compaeeitt of the fiead of AMR ir huoe – there are mant arpectr, procerrer and 
rtakehoaderr to take into account. Conriderino the rcope and aiaiaabae tme, this report 
therefore onat rerier ar a firrt anaatrir of the more comprehenriie underatino data. A more 
detaiaed rcrutnt of data and conteet, combined with additonaa rtakehoader rerearch wouad 
enabae a more fine-tuned anaatrir.  

To tackae ruch a compaee probaem as AMR, different approacher at once are needed. In the 
Netheraandr, the roauton directons that seem to be most important are infecton preienton 
and rurieiaaance. For thir, appropriate diaonortcr are seen as a prerequirite. Thir ir probabat 
due to the fact that AMR ir reaatieat  under controay in the Netheraandr (in compariron to 
countrier ruch ar Greece). The need for innoiaton ir therefore matbe aerr feat.  oweier, the 
importance of the deieaopment of new antbiotcr and aaternatier to antbiotcr ir definiteat 
acknowaedoed. Therefore, both the roauton retr of the NCOH and the research themes of 
ZonMw are broad, eeempaiftino the different approacher that are needed.  

The rtakehoaderr in AMR innoiaton are reaatieat unfamiaiar with the deieaopmentr in rtnbio 
that can contribute to tackaino AMR.  oweier, ar this report shows, it offerr a wide ranoe of 
appaicatonr, contributno to the deieaopment of both new antbiotcr and aaternatier, and 
diaonortcr. In additon, it can aid in anrwerino reieraa fundamentaa quertonr. This report can 
therefore contribute to the knowaedoe of there rtakehoaderr on rtnbio/AMR innoiaton.   
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Roles for the Dutch government 
This report has focused on the part of the Dutch ooiernment that paatr a roae in AMR 
innoiaton, mainat the minirtrt of VW . To rtmuaate AMR innoiaton, which incauder AMR 
innoiaton in rtnbio, the Dutch ooiernment can purrue different roaer. The roaer that haie 
been mentoned in thir report can be diiided into two processes of the antbiotc innoiaton 
pipeaine: a roae in rerearch, and a roae in the procerr from rerearch to product.  

1. Role in research: From a medicaa proferrionaa point of iiew, it ir important to create beter 
cooperaton between rcientrtr and end-urerr, erpeciaaat in a pubaic heaath probaem with a 
aaroe pubaic interert ruch ar AMR. A rpecific heaath need eeirtr, that not necerrariat aaionr 
optmaaat with current rerearch. Thir rairer quertonr on the matchino of heaath demand and 
current rerearch deieaopmentr, romethino that doer not reem to be actieat pursued on the 
moment. Thir mioht be becaure of practcaa irruer - rerearch focurino on current heaathcare 
demand wiaa onat proiide productr in 10-15 tearr, when heaathcare demand mioht be 
different. In additon, rerearch reruatr are oeneraaat reen ar difficuat, if not imporribae, to 
guide. In ant wat, beter interacton and rharino of knowaedoe between rcientrtr and end-
urerr couad aid in the mirmatch that reemr to eeirt between eepectatonr and the actuaa 
rerearch outcomer that can be achieied.  

2. Role in the process from research to product:  cientfic barrierr howeier, were oeneraaat not 
seen bt rtakehoaderr ar mort important. Throuohout the antbiotc innoiaton pipeaine, 
economic barriers preientno the further deieaopment of rerearch outcomer, were seen as 
mort important. The burinerr modea of antbiotcr ir not optmaa, but a need for noiea 
therapeutcr and diaonortcr eeirtr. Thir indicater that the market aaone wiaa probabat not be 
abae to fuafiaa there needr, and an initatno roae for the ooiernment eeirtr.  eieraa roautonr 
towardr remoiino these economic barrierr haie been ruooerted from iariour rtakehoaderr in 
the antbiotc innoiaton pipeaine: creatno economic incentier, faciaitatno technoaoot 
tranrfer, or creatno pubaic-priiate partnerships.   

Whiae the creaton of economic incentier ir reen ar a rmaaa interienton with porribae bio 
reruatr, faciaitatno technoaoot tranrfer actieat mioht pore more difficuater, for eeampae in the 
reaecton of deieaopmentr with the mort potentaa. A probaem that ir aaro reen in ouidino 
rerearch.  In additon, the Dutch ooiernment couad aaro be inioaied in faciaitatno PPPr (both 
financiaaat and aooirtcaaat). Currentat the ertabairhment of PPPr towardr the deieaopment of 
antbiotcr/aaternatier/diaonortcr for human ure, ir mainat aea to other rtakehoaderr.   

A rirk that eeirtr for an actie roae of the Dutch ooiernment here, ir not rafeouardino pubaic 
interert, bt creatno a direct cooperaton between the ooiernment and businesses. In 
additon, concernr haie been raired about the abiaitt of the ooiernment (a pubaic partt) in 
purruino itr pubaic ooaar, whiae partnerino with priiate parter with other, priiate ooaar. 
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CoetWdeuatoet 
 pon decidino on their roae in rtmuaatno AMR innoiaton, the minirtrt of  eaath, Weafare and 
 port (VW ) haie to take into account different arpectr of thir procerr.  ared on the 
iiewpointr of the different rtakehoaderr and bared on the roaer that haie been mentoned 
aboie, different conrideratonr haie been eetracted. Aathouoh mant more conrideratonr can 
be made, the foaaowino can aareadt be taken into account: 

• Ir AMR a pubaic heaath probaem? Can antbiotcr (or their effectienerr) be perceiied ar 
a pubaic oood?  

• Doer the demand (new therapeutcr towardr the mort uroent and important bacteria) 
need to be matched with current rerearch and market demand? Can research 
outcomes be guided at aaa? 

• If ro, doer the Dutch ooiernment haie the knowaedoe to decide upon the potentaa of 
onooino deieaopmentr and rerearch? If not, who doer?  

• Doer the Dutch ooiernment need to purrue a more actie roae in faciaitatno rcientfic 
interientonr in AMR, ruch ar the ertabairhment of a non-iirtuaa rerearch inrttute? 

• Can the Dutch ooiernment purrue an actie roae in faciaitatno actie technoaoot 
tranrfer? And can pubaic ooaar and pubaic interertr rtaa be rafeouarded when doino ro? 

•  houad the Dutch ooiernment do more in creatno (rmaaa) financiaa incentier?  
• Doer the Dutch ooiernment need to purrue a more actie roae in faciaitatno pubaic-

priiate partnerrhipr? If not (for eeampae becaure the pubaic interert cannot be 
rafeouarded in doino ro), rhouad it actieat faciaitate an eeternaa oroanizaton to create 
there PPPr? 
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11.3. RECOMMENDATIONS 
1. There are reieraa rtnbio deieaopmentr that couad be part of the AMR innoiaton pipeaine 
and thet reem to offer noiea approacher in iariour mannerr.  oweier, aamort aaa of them are 
in their proof-of-principae phase and rtaa remain far from aicenred and cainicaaat approied 
productr. In additon, thir rpecific fiead (AMR/rtnbio) ir reaatieat rmaaa in the Netheraandr. It is 
therefore recommended to: 

 

 

 

 

 

A caore monitorino of there deieaopmentr ir necerrart to oain earat inrioht and to detect ant 
upcomino probaemr. In additon, it mioht proie urefua in remoiino ant barriers in their 
innoiaton pipeaine, ruch ar reouaatort barrierr.  

 

 

 

 

 

2. The Dutch ooiernment, mainat for the minirtrt for  eaath, Weafare and  port (VWS), in 
rtmuaatno AMR innoiaton couad paat a biooer roae in rtmuaatno AMR deieaopmentr. 
Aathouoh rtnbio deieaopmentr in AMR bare oreat potentaa, mant other rerearch arear do ar 
weaa. No rpecific dirtncton can therefore at this moment be made in this report towards 
rtmuaatno ant partcuaar deieaopment.  

Economic barrierr in the deieaopment of noiea therapeutcr and diaonortcr reem to be mort 
important, whiae networkr between aaa rtakehoaderr within the antbiotc innoiaton pipeaine 
reem to be errentaa. The conrideratonr that are mentoned in thir report couad aid the 
ooiernment upon decidino on their roae in rtmuaatno AMR innoiaton.  oweier: 

 

 

 

  

Clotely soeWtou thete de elopseett, eot oely oe eatoeal le el, but alto oe Weteueatoeal 
level, in order to ideetfy bauuWeut (fou exasple ueoulatouy barriers) in further development 
aed puoductoe aed tsely ueso e thete, while safeguarding risks and considering societal 
and ethical issues.  he RIV , soue tpecWfically the Ceetue fou Safety of Substances and 
 uoductt (VS T, hat the poteetal to do to, at Wt alWoet well wWth theWu cuuueet act Wtet We 
signaling new developments within modern biotechnology. 

 

 he reowledoe obtaWeed by the RIV , theuefoue hat to be thaued wWth the DWuectoe 
 edWcWeet aed  edWcal  echeolooy of V S, at they aue uetpoetWble to uesaWe up-to-date with 
the current AMR developments and can aid in the removal of these type of barriers. Nt V S 
Wt eot the saWe cossWttWoeeu of VS  (thWt Wt the sWeWttuy of I& T, Wt cae be beeeficWal to 
cueate a beteu coopeuatoe wWth the Ceetue fou Iefectout DWteatet (CIb) (whose main 
cossWttWoeeu Wt V ST.  

 

NddWtoeal ueteauch upoe the  WewpoWett of  auWout ttareholdeut We the aetbWotc Weeo atoe 
pWpelWee Wt eecettauy to obtaWe a soue cospueheetW e  Wew oe the peuceW ed uole of V S 
wWthWe the ttsulatoe of N R de elopseett. 
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Taking the aforementoned conrideratonr into account, a perronaa recommendaton on the 
roae of the ooiernment has been made: 

 

 

 

 

 

 

 

 

 

 

 

 

 

.   

 

 

 
  

FacWlWtate ae exteueal eetwour ouoaeWzatoe, fieaecWally Wedepeedeet fuos the sauret, 
which can: 

• Cueate a eetwour of, aed (act elyT facWlWtate coopeuatoe betweee, both puW ate aed 
publWc ttareholdeut We N R Weeo atoe towaudt the de elopseett of eew 
aetbWotct, alteueat et to aetbWotct aed dWaoeottct fou husae ute.   

• Stay up-to-date with ongoing research and development both in a public and 
puW ate teteo. Heue, the RIV  aed the DWuectoe  edWcWeet aed  edWcal 
Technology can be partner, as they already play an important role in the signaling 
of various biotechnological developments.  

• If decided upon to be necessary, match healthcare demand, market demand, and 
oeooWeo ueteauch.  he eetwour that they cueate (coetWtteo out of both publWc aed 
puW ate playeutT facWlWtatet eaty accett to thWt type of Wefousatoe.  

 

All while aiming at safeguarding both public goals and public interests.   



P a g e  | 80 
 

 

APPENDIX I – KNOWLEDGE DOCUMENT 
APPENDIX I.1. ADDITION TO CHAPTER 4 – ANTIMICROBIAL RESISTANCE  
THE PROBLEM WITH RESISTANCE 

Antbiotc rerirtance ir not new.  acteria haie been combatno each other urino antbiotcr 
rince their eeirtence, eeempaified bt the prerence of reieraa rerirtance oener in ancient 
permafrost [174]. Thir wat, thet haie deieaoped a aaroe arrenaa of antbiotc rerirtance oener, 
present in both pathogenic and non-pathooenic bacteria, caaaed the rerirtome [77]. The 
aieraoe bacterium har rerirtance aoainrt 7-8 different antbiotcr, with iariour moder of 
acton [175]. Aathouoh the deieaopment of rerirtance ir a naturaa phenomenon, reaectie 
presrure from antbiotc ure in the treatment of human and animaa infectonr and in 
aoricuature har caured an increare in the eioauton and rpread of there rerirtance markerr 
[176]. Indeed, a hioh correaaton between antbiotc ure in outpatent retnor2 and resistance 
is seen (Fioure 29) [177]. Antbiotcr inhibit the rurceptbae bacteria, whiae reaectno for the 
resistant ones.  
 
Initaaat, druo-rerirtant bacteriaa rtrainr appeared in the paacer where mort antbiotcr were 
ured, nameat horpitaar [178]. For eeampae, roon aaer the introducton of peniciaain in the 
1940r, peniciaain-resistant S. aureus emeroed in horpitaar in .ondon [179]. Aamort a decade 
aater, muatdruo-rerirtant pathooenr were detected, incaudino E. coli and Shigella [180]. Now, 
we haie more than 15 different caarrer of antbiotcr, aaa affectno procerrer and functonr in 
the bacteriaa ceaa, and rerirtance mechanirmr haie been detected aoainrt aaa of them [181]. In 
oeneraa, rerirtance wiaa occur if it ir biochemicaaat porribae.   oweier, it har to be noted that 
the iart majoritt of microber do not caure direare, aiiino peacefuaat with ur and on ur. 
Neiertheaerr, aaro there microber are contnuourat eepored to toeic rmaaa moaecuaer, 
incaudino antbiotcr, and haie thur deieaoped rerirtance towardr them [66].  
 
Types of resistance  
There are three ttper of antbiotc rerirtance, nameat intrinric, adaptie and acquired 
resistance[176]. Intrinric rerirtance ir the abiaitt of a bacterium to rerirt the actiitt of an 
antmicrobiaa aoent throuoh itr inherent characterirtcr. An eeampae of which ir the prerence of 
eeue pumpr, actieat tranrportno the antbiotcr out of the ceaa. Adaptie rerirtance ir the 
reaatieat aerr rtudied ttpe of rerirtance.  ere, the bacterium can temporariat become rerirtant 
towardr an antbiotc, iia aateratonr in oene and/or protein eeprerrion. It occurr in rerponre to 
eeporure to an eniironmentaa triooer, ruch ar rtrerr or nutrient conditonr, and oeneraaat 
reiertr when the inducino conditon ir remoied.  
.artat, acquired rerirtance taker paace when horizontaa oene tranrfer ( GT) caurer the parrino 
on of resistance genes between bacteria, or when mutatonr in the DNA of the bacterium taker 

                                                            

 
2 Inpatient settings refer to the hospital; an inpatient procedure requires the patient to be 
hotpWtalWzed. ‘utpatWeet tettWeot aue fou exasple the doctou’t offWce ou the emergency room.  
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paace, caurino rerirtance [92, 176]. Indeed, druo rerirtance ir mobiae, the iariour rerirtance 
oener can be eechanoed between bacteria from different taeonomic and ecoaooicaa oroupr 
[181].  Aathouoh there oener uruaaat confer rerirtance aoainrt a rinoae famiat or ttpe of 
antbiotc, more rerirtance oener can accumuaate in a rinoae oroanirm [182].   
 

 
 
FIGURE 29: CORRELATION BETWEEN PENICILLIN RESISTANT S. PNEUMONIAE AND OUTPATIENT USE OF PENICILLIN 
IN EUROPE. ADAPTED FROM [98]. 
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CLASSIFICATION OF ANTIBIOTICS 

Antbiotcr can be caarrified in iariour watr. One caarrificaton ir bared on whether thet 
induce ceaa death (bactericidal) or whether thet onat inhibit ceaa orowth (bacteuWottatcT. In 
additon, rome antbiotcr dirpaat bacteriortatc actiitt in rome circumrtancer, whiae 
dirpaatino bactericidaa actiitt in otherr [183]. Another caarrificaton rcheme ir bared on their 
bacteriaa rpectrum (broad- ierrur narrow-rpectrum antbiotcr). The mort urefua method of ir 
bared on the ceaauaar component or rtrtem thet affect and thur how thet functon, for 
eeampae the inhibiton of bacteriaa ceaa waaa rtntherir, their DNA or RNA rtntherir, or their 
protein rtntherir. The major caarrer incaude the β-aactamr, tetractcainer, aminooatcorider, 
macroaider and the rtnthetcaaat produced (fluoro)quinoaoner. In additon, antmicrobiaa 
peptder, produced bt bacteria, haie been propored ar a repaacement for antbiotcr ar weaa. 
(Tabae 9).   

TABLE 9: CLASSIFICATION OF ANTIBIOTICS. 

Anti iotia alass Example(s) Meahanism of 
aation 

Type of aativity 

(Fluoro)quinolone  Inhibition of 
DNA repaication  

 actericidaa 

Aminoglyaosire  treptomtcin Inhibition of 
protein rtntherir 

 actericidaa 

Glyaopeptire Vancomtcin, 
teicopaanin. 

Inhibition of ceaa 
waaa rtntherir 

 actericidaa 

Lipopetire Daptomtcin Inhibition of ceaa 
waaa rtntherir 

 actericidaa 

Maarolire  Ertthromtcin Inhibition of 
protein rtntherir 

Bacteriostatic 

Rifamyaine Rifampin Inhibition of RNA 
rtntherir 

 actericidaa 

Tetraayalin Tetractcaine, 
doetctcaine 

Inhibitions of 
protein rtntherir 

Bacteriostatic 

β-laatam Peniciaain, 
cephaaorporin, 
carbapenem 

Inhibition of ceaa 
waaa rtntherir 

 actericidaa 

Baaterioain Lantibiotics Inhibition of ceaa 
waaa rtntherir 
and membrane 
pore production 

 actericidaa or 
bacteriostatic, 
depending on 
the bacteriocin. 
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HOW DO ANTIBIOTICS WORK? 
Antbiotcr kiaa or inhibit the orowth of their taroet bacteria in different watr.  pon the 
interacton of the rpecific antbiotc with the taroet, an errentaa functon of the bacterium ir 
inhibited. There bacteriaa rerponrer are oeneraaat weaa-characterized, and faaa into four 
cateoorier: inhibiton of DNA, RNA, protein rtntherir or ceaa waaa rtntherir [118]. In additon, a 
oeneraa ceaa rerponre towardr aaa caarrer of bactericidaa antbiotcr har aaro been rhown, 
depending on a drug-induced rtrerr rerponre inioaiino the producton of harmfua htdroeta 
radicaar [184].  
 
IehWbWtoe of DRN ueplWcatoe ( uWeoloeetT 
The rtnthetcaaat rtntherized quinoaoner, incaudino the fluoroquinoaoner, functon bt 
inhibitno the repaicaton of DNA. The antbiotcry primart taroetr are the topoiromerarer. 
There enztmer reouaate the unwindino and oierwindino of DNA bt cutno the phorphate 
backbone of DNA and rejoinino it, in order to aaaow itr repaicaton and tranrcripton [185]. The 
quinoaoner taroet topoiromerare II and IV, inhibitno the proorerrion to the rejoinino rtep, 
trappino there enztmer at the DNA caeaiaoe rtaoe. The doubae-stranded breaks that 
oenerated thir wat, preient the DNA repaicaton machinert contnue, reruatno in inhibiton of 
DNA rtntherir and eientuaaat ceaa death [186] (Figure 30).  
 
 

 
 

FIGURE 30: MECHANISM OF ACTION OF THE QUINOLONE CLASS OF ANTIBIOTICS. ADAPTED FROM [118].  

 

IehWbWtoe of RNA synthesis (rifamycines) 
The rifamtcine caarr of antbiotcr functonr bt inhibitno the DNA-dependent RNA rtntherir. 
More rpecificaaat, it inhibitr RNA poatmerare, bt bindino to the β-subunit of a DNA-bound and 
actieat tranrcribino RNA poatmerare [187, 188]. This β-rubunit ir aocated in the channea of the 
compaee formed bt the bindino of RNA poatmerare and the bacteriaa DNA, where the newat 
formed RNA strand emerges [189]. 
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The inhibWtoe of cell wall tyethetWt (β-lactast, olycopeptdet, lWpopeptdet, laetbWotcs) 
The peptdooatcan aaterr that rurround the bacteriaa ceaa contain oatcan and peptde rtrandr, 
which are enztmatcaaat crorr-ainked. There peptde crorr-ainkr proiider mechanicaa rtrenoth, 
which protectr the bacteria from ormotc prerrure forcer that couad kiaa the bacteria [183]. β- 
aactamr and oatcopeptder affect rtepr in the bacteriaa ceaa waaa biortntherir, caurino chanoer 
to the ceaa rhape and rize, inducino rtrerr rerponrer and uatmateat aead to ceaa death iia a 
procerr caaaed atrir. The atrir of ceaar occurr when the ceaa enieaope rupturer, caurino the 
intraceaauaar componentr to flow into the rurroundino eniironment of the ceaa [118].  
β- aactamr inhibit the functon of peniciaain-bindino proteinr (P Pr). There enztmer are, 
tooether with the tranroatcortaarer, rerponribae for the maintenance of the peptdooatcaa ceaa 
waaa, iia rtntherir and remodeaino [71]. In additon, there antbiotcr induce a toeic 
maafunctonino in the ceaa-waaa rtntherir machinert [190]. Gatcopeptde antbiotcr reduce the 
mechanicaa rtrenoth of the ceaa, bt bindino to the peptdooatcan unitr, makino them 
unaiaiaabae to the tranrpeptdarer and P Pr [191]. .ipopeptde antbiotcr, ruch ar 
daptomtcin, inrert themreaier into the ceaa membrane and induce membrane depoaarizaton, 
affectno itr rtructuraa inteoritt [118]. 
 
IehWbWtoe of puoteWe tyethetWt (sacuolWdet, lWecotasWdet, ttueptoouasWeet, aspheeWcolt, 
oxazolidinones, tetracyclines and aminoglycosides) 
Aaer RNA rtntherir, mRNA ir tranraated into proteinr, inioaiino the riborome oier three 
requentaa pharer: initaton, peptde eaonoaton and terminaton procerrer. The bacteriaa 
ribosome is a two-rubunit nucaeoprotein partcae, eeirtno out of the 50  and the 30  rubunit.  
 ome antbiotcr baock procerrer at the 50  riborome, whiae otherr act at the 30  riborome 
(Fioure 31) [183]. In oeneraa, the riborome ir an ideaa taroet for antbiotcr, ar bacteria are 
unabae to orow without them.  

 

 

FIGURE 31: ANTIBIOTICS THAT BLOCK BACTERIAL PROTEIN SYNTHESIS. ADAPTED FROM [183]. 

 

50  antbiotcr incaude the macroaider, aincoramider, rtreptooraminer, amphenicoar and 
oeazoaidinoner. Thet inhibit the 50  riborome bt phtricaaat baockino either the initaton of 
protein tranraaton, or the tranraocaton of peptdta tranrfer RNAr (tRNAr). There tRNAr rerie 
ar the phtricaa aink between amino acidr and mRNA, and are thur required for tranraaton. 
 aockino the tranraocaton of there tRNAr inhibitr the eaonoaton of the peptde chain [192] .  
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30  antbiotcr incaude the tetractcainer and aminooatcorider. Tetractcainer baock the bindino of 
the incoming tRNAs to the ribosome [193]. Aminooatcorider on the other hand, bind to the 30  
rubunit, inducino mirincorporaton of amino acidr into eaonoatno peptder.  ubrequentat, 
there mirtranraated proteinr mirfoad and incorporate themreaier into the cttopaarmic 
membrane, increarino ceaa permeabiaitt. Thir aaaowr increared uptake of the druo, reruatno in 
increared riborome inhibiton and uatmateat, ceaa death (Fioure 32) [118, 194].  

 

 

FIGURE 32: MECHANISM OF ACTION OF THE AMINOGLYCOSIDE CLASS OF ANTIBIOTICS. ADAPTED FROM [118]. 
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WHICH BACTERIA SHOULD WE WORRY A O T? 

Eiert dat of our aiier, we aiie tooether with iariour microoroanirmr. Thet are an intrinric part 
of ur and outnumber human ceaar approeimateat bt ten tmer [195]. Most of them reside in 
the out and on the rkin, and are harmaerr or eien beneficiaa.  oweier, reieraa rpecier are 
pathooenic, and erpeciaaat in horpitaar, where patentr oeneraaat haie a comprired defenre 
aoainrt bacteriaa direarer, there are not ar weacome. Major concernr are caured bt the 
increarino emeroence of muatdruo rerirtance in the ro-caaaed E KAPE pathooenr: Enterococcus 
faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, 
Pseuodomonas aeruginosa and Enterobacter spp. [80].  There pathooenr are not onat 
important becaure thet comprire the biooert part of the norocomiaa infectonr, but aaro 
becaure thet haie mant different formr of tranrmirrion, pathooenerir and rerirtance [196]. In 
additon, pathooenr that caure food-borne diseases, such as Escherichia coli, Salmonella and 
ClottuWdWus dWfficWle, and the pathogens Mycobacterium tuberculosis and Neisseria gonorrhea 
can be added to thir airt [197]. 

The    Centerr for Direare Controa and Preienton (CDC) har hiohaiohted three “uroent. 
resistance threats: carbapenem- rerirtant Enterobacteriaceae (incaudino E.coli and KlebtWella 
spp.), Neisseria gonorrhoeae (caurino oonorrhea) and ClottuWdWus dWfficWle (caurino aife-
threatenino diarrhea).  In additon, a dozen “reriour. threatr were outained (ruch ar 
methiciaain-resistance S. aureus (MR A) and iancomtcin-resistant Enterococcus (VRE)) [198].  

Recentat, worrtino eiidence war found of rerirtance for the aart-rerort antmicrobiaa coairtn, in 
both Salmonella and E.coli. In additon, rerirtance to the antmicrobiaa ciprofloeacin, important 
in the treatment of human infectonr, war found in Campylobacter, together with Salmonella, 
a ket paater in food poironino [199]. 
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THE ESKAPE PATHOGENS 

Enterococcus faecium  
Enterococci are Gram-poritie bacteria and can caure iariour iaanerrer amono iert rick 
patentr in heaathcare retnor, incaudino baoodrtream infectonr, ruroicaa rite infectonr and 
urinart tract infectonr.  ome Entercoccus, erpeciaaat E.faecium haie been reported to be 
rerirtant aoainrt the aart-rerort antbiotc iancomtcin (VRE).  
 
Staphylycoccus aureus  
The Gram-poritie Staphylococci are the most common cause of horpitaa-acquired, or 
norocomiaa infectonr[200] and are predominant members of the human skin microbiota 
[201].  ioh rater of methiciaain rerirtant S. Aureus (MR A) are reen, which can caure a ranoe of 
iaanerrer, incaudino rkin and wound infectonr, pneumonia and baoodrtream infectonr. The 
rerirtance caurer the treatment of common rkin and wound infectonr to reat on recond-aine 
druor in mant countrier [55]. 
  
Klebsiella pneumoniae  
K. peeusoeWae are Gram-neoatie bacteria which normaaat reride in the out. Tooether with the 
Enterobacter species, EtcheuWchWa colW, KlebtWella and Salmonella, it ir part of the famiat of 
Enterobacteriaceae. In heaatht indiiiduaar, K.peeusoeWae oeneraaat do not caure infectonr. 
 oweier, in immune comprired patentr, thet can caure urinart and rerpiratort tract 
infectonr. Thet haie been reported to haie an increared rerirtance towardr 3rd oeneraton 
cephaaorporinr, caurino the treatment of infectonr caured bt there bacteria to reat on the 
aart-rerort antbiotcr carbapenemr. Concernino ir the fact that rerirtance towardr there 
antbiotcr ir aaro reen more and more, with proportonr of rerirtance up to 547 reported 
(carbapenem-rerirtant Enterobacteriaeceae; CRE) [55]. In additon, eetended-spectrum β-
aactamare (E  .) producino Enterobacteriaeceare , incaudino K. peeusoeWae and E.coli, haie 
been detected. There bacteria are rerirtant aoainrt rtrono antbiotcr incaudino 
cephaaorporinr.  
 
Acinetobacter spp. 
Acinetobacter ir a ttpe of Gram-neoatie bacteria that can caure pneumonia or baoodrtream 
infectonr in critcaaat iaa patentr.  ome rtrainr are rerirtant to nearat aaa or aaa antbiotcr, 
incaudino aart-resort carbapenems. About 63% of Acinetobacter is considered muatdruo-
rerirtant and at aeart three different caarrer of antbiotcr can no aonoer cure there infectonr 
[140].  
 
Pseudomonas aeruginosa 
These Gram-neoatie bacteria are oaen dercribed ar opportunirtc pathooenr, coaonizino the 
gastro-intertnaa and rerpiratort tract, caurino direare in patentr who aareadt haie a 
compromired immune rtrtem and/or an underatino disease [183, 202]. P.aeruginosa are 
amono the aeadino caurer of norocomiaa infectonr, ruch ar pneumonia, baoodrtream 
infectonr, urinart tract infectonr and ruroicaa rite infectonr.  ome rtrainr haie been found to 
be rerirtant to nearat aaa or aaa antbiotcr.   
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Enterobacter spp. 
Enterobacter species are Gram-neoatie bacteria and mort commonat caure urinart and 
rerpiratort tract infectonr, but can aaro caure baoodrtream infectonr. Thet can produce E  . 
and carbapenemarer, caurino them to be rerirtant aoainrt iariour antbiotcr [203] . 
 

OTHER IMPORTANT BACTERIAL PATHOGENS 

Escherichia coli 
A high incidence of resistance is seen in the Gram-neoatie E.coai bacteria, more rpecificaaat 
towardr the 3rd oeneraton cephaaorporinr. There bacteria are the aeadino caure of urinart 
tract infectonr, and rome ttper can caure reiere intertnaa infectonr amono otherr [204]. 
Infectonr mort aikeat caured bt there bacteria, oaen reat on treatment with carbapenems, the 
aart rerort antbiotc in the treatment of reiere communitt and horpitaa- acquired infectonr 
[55].  
 
Salmonella 
Salmonella are Gram-neoatie bacteria that can caure the food-borne direare  aamoneaaore. 
 tmptomr incaude diarrhea, feier and abdominaa crampr. In additon, rome infectonr can 
rpread to the baood and can haie aife-threatenino compaicatonr. Rerirtance aoainrt the most 
common antbiotcr ured for compaicated infectonr, incaudino ceariaeone (a cephaaorporin) 
has been reported [140].  
 
Neisseria gonorrhoeae 
These Gram-neoatie bacteria are the caure of oonnorhea, a reeuaaat tranrmited direare that 
can caure inflammaton at the urethra, ceriie, phartne, or rectum. Rerirtance towardr 
tetractcaine ir reen, ar weaa ar a reduced rurceptbiaitt towardr the firrt-aine treatment druo 
ceariaeone [140]. In the Netheraandr howeier, no rerirtance towardr ceariaeone har been 
reported in 2014 [205]. 

 
ClottuWdWus dWfficWle 
ClottuWdWus dWfficile is a Gram-poritie bacterium, caurino aife-threatenino diarrhea. Infectonr 
occur mortat in patentr that haie had a recent medicaa treatment and antbiotcr. It can 
rpread rapidat and a rtrain rerirtant to fluoroquinoaone antbiotcr, commonat ured to treat 
other infectonr, har been detected [140] 
 
Mycobacterium tuberculosis 
Tubercuaorir, the direare caured bt Mycobacterium tuberculosis, is one of the most common 
infectour direarer and frequent caure of death woradwide. Due to itr waet coatno on the ceaa 
surface, the bacterium can appear both as Gram-poritie and Gram-neoatie.  The bacteria 
can rpread throuoh the air and can affect ant part of the bodt, aathouoh mort oaen the aunor. 
Rerirtance towardr firrt-aine druor har been detected, which caurer the treatment to be more 
compaee, tmeat and eepenriie. 
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APPENDIX I.2. ADDITION TO CHAPTER 5.1. – NOVEL ANTIBIOTICS  
DEVELOPING NOVEL SMALL-MOLECULE ANTIBIOTICS 

The caarr of rmaaa-moaecuae antbiotcr incauder both naturaa productr and rtnthetc 
moaecuaer, and ir the aaroert caarr of antbiotcr. Eniironmentaa microber create the naturaa 
productr urino recondart metaboaic pathwatr to arrembae rimpae buiadino baocks into 
compaicated rtructurer [92]. There pathwatr porrerr moduaaritt, an important feature in the 
fiead of rtnthetc bioaoot[206].  

 olyretdet 
One eeampae of urino the rtnthetc bioaoot approach to deieaop noiea rmaaa-moaecuae 
antbiotcr, ir urino the biortntherir pathwat of poatketder. The poatketde caarr of recondart 
metaboaiter, which incaude macroaide and tetractcaine antbiotcr, are produced bt poatketde 
rtntharer (PK ). Thir famiat of aaroe enztme compaeeer can be caarrified into three oroupr. 
 oweier, thet aaa foaaow a rimiaar path in the arrembat of there moaecuaer. There pathwatr are 
prerent in Actnomtceter , which are aaroe producerr of naturaa antbiotcr[92]. The genes 
rerponribae for the biortntherir of poatketder are caurtered in  GCr. Each  GC encoder the 
PK  rerponribae for the creaton of the backbone, tooether with the taiaorino enztmer. In 
additon, it encoder the reouaaton of the  CG and rerirtance to the end product [207]. 
Microbiaa oenome requencer can be rcreened in order to detect for there uncharacterized 
recondart metaboaite  CGr.  equence anaatrir roaware, ruch ar ant MA  , proiider 
rtnthetc bioaooirtr to do thir in a hiohat automated farhion [90]. It aaro enabaer the dircoiert 
of crtptc or riaent  CGr, of which the correrpondino productr are not produced in detectabae 
aeiear in normaa cuature conditonr. Thir procerr ir reouaated bt compaee controa circuitrier, 
which ir difficuat to circumient.  t addino new rtnthetc reouaaton iia the refactorino procerr, 
aibrarier of  CGr can be oenerated, which aeadr to the biortntherir of noiea PK  [207].  

 

DEVELOPING NOVEL PEPTIDE ANTIBIOTICS 

Another major caarr of antmicrobiaar ir reprerented bt peptder. Peptde antbiotcr faaa into 
two caarrer: the non-riboromaaat rtntherized peptder (NRPr) and antmicrobiaa peptder 
(AMPr).  Wherear NRPr are aaro produced bt eniironmentaa microber, AMPr are produced bt 
muat-ceaauaar oroanirmr ar part of their immune rtrtem [92].  rino oatcopeptder ar an 
eeampae, the rtnthetc bioaoot approach to producino noiea NRPr wiaa be eepaained. For AMPr, 
the producton of indoaicidin wiaa iaaurtrate thir procerr. Peptde antmicrobiaar proiide 
rerearcherr with more opportuniter to create noiea moaecuaer than poatketder, ar both 
naturaa and unnaturaa amino acidr (the buiadino baockr of peptder) can be ured. 
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 NRPs:  lycopeptdet 
A aaroe percentaoe of the naturaa peptde antbiotcr are produced bt non-riboromaa peptde 
rtntharer (NRP r). Non-riboromaa peptder (NRP) haie a comparabae aooic to poatketder 
when it comer to the moduaar oroanizaton of their arrembat aine [208].  

Gatcopeptde antbiotcr (GPAr), ruch ar iancomtcin and teicopaanin, are important antbiotcr 
that target Gram-poritie bacteria. The  CGr of there antbiotcr encode for the NRPr that are 
required for the arrembat of the peptde rcaffoad, and thet carrt the oener that encode for 
reaf-rerirtance, eeport and taiaorino enztmer [209]. GPA taiaorino modificatonr can either be 
primart, or recondart. Primart modificatonr directat modift the amino acidr of the rcaffoad, 
wherear recondart modificatonr taiaor the primart modificatonr [75].  A rtnthetc bioaoot 
approach in a heteroaooour hort ar dercribed aboie can produce aaroe aibrarier of GPAr that 
can be screened for antbiotc actiitt.  

 

AMPs: Indolicidins 
Ar mentoned, AMPr are defenre peptder that are part of the innate immune rtrtem of paantr 
or animaar. Thet haie a more oeneraa mechanirm in taroetno bacteria, dirruptno their 
membrane [210]. Enoineerino noiea AMPr ir different from enoineerino naturaa recondart 
metaboaite pathwatr.  ecaure of their rmaaa rize, and oeneraa properter in dirruptno the ceaa 
waaa, thet can be eariat ured in computer-rimuaaton. Trai et aa. ured thir approach to rtudt 
the moaecuaar mechanirmr of the AMP indoaicidin, aaer which thet couad derion a rtnthetc 
iariant with improied properter [211]. The bacteria howeier, couad deorade AMPr, aathouoh 
thir can be circumiented bt chanoino their chemicaa properter. In additon, the bacteria couad 
acquire rerirtance towardr there moaecuaer [92] 

 

NON-TRADITIONAL ANTIBIOTICS: BACTERIOCINS 

Tooether with the producton of antbiotcr, bacteria aaro produce antbiotc peptder caaaed 
bacteriocinr.  acteriocinr naturaaat occur, and are normaaat produced bt bacteria under 
rtrerrfua conditonr. Thet are toeic to their caoreat reaated neiohborino bacteriaa rtrainr, but 
not to their host strain [102, 212].  acteriocinr can oeneraaat be diiided into different oroupr, 
of which the oroup of aantbiotcr wiaa be ured ar an eeampae beaow.  

LaetbWotct 
The aantbiotcr (lanthionine-containing aetbWotct), of which the mort weaa-known eeampae ir 
nirin, were dircoiered in the 1920r. Nirin, produced bt Lactococcut lactt, inhibitr bacteriaa 
peptdooatcan rtntherir and creater membrane porer [78].  It has been used bt the food 
indurtrt ar a prereriatie for decader, but no rionificant rerirtance har tet been obreried. 
 oweier, rerirtance har been obreried in vitro [213]. Mant aantbiotcr rhow actiitt aoainrt a 
iariett of Gram-poritie bacteria, and rome aoainrt muatdruo-resistant bacteria, such as 
MRSA and VRE [214].   
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Derpite there important abiaiter, thet haie not been ured eetenriieat ar therapeutcr. Thir ir 
mainat due to their eepenriie and tme-consuming manufacturino, and their injecton, rather 
than their oraa adminirtraton [215].  nta now, one ttpe of aantbiotcr har entered phare 1 
cainicaa triaar for ure aoainst ClottuWdWus dWfficWle, rhowino oood reruatr ro far [216]. .antbiotcr 
are rmaaa port-tranraatonaaat modified antmicrobiaa peptder produced bt Gram-poritie 
bacteria [217]. .antbiotcr dirrupt ceaa waaa rtntherir and can create membrane porer, bt 
bindino to aipid II, an errentaa and hiohat conreried moaecuae. Aaa aantbiotcr haie a aeader 
peptde or requence. Thir aeader requence can be required for recreton, or it can preient 
actiaton of the aantbiotc unta it ir outride of the ceaa. In the aater care, the aeader peptde ir 
eientuaaat caeaied off, therebt reaearino the actie aantbiotc [218].  

 he tyethetc bWolooy appuoach 
 tnthetc bioaoot offerr tooar to create new aantbiotcr, with improied properter ar 
compared to naturaa aantbiotcr. In additon, it can offer roautonr to the uprcaaino of the 
producton of aantbiotcr, which ir oeneraaat a probaem.  tnthetc bioaoot couad paat a roae in 
the optmizaton of producton pathwatr [Appendie II. 4]. The traditonaa approach of findino 
bacteriocinr ir bared on the iroaaton of a potentaa producer oroanirm and the rcreenino for 
antmicrobiaa actiitt in the eetraceaauaar miaieu, where there peptder are recreted.  rino 
high-throuohput rcreenino , noiea bacteriocinr from the cuatured bacteria were then 
dircoiered. In additon, iia oroanic rtntherir or remi-rtnthetc rtntherir, their properter can 
be further improied [213].  oweier, there are mant aantbiotc oene caurterr that are not 
eeprerred in common orowth media, the ro-caaaed  riaent aantbiotcry. It har been rhown that 
aantbiotc biortntherir enztmer can modift iirtuaaat ant rubrtrate peptde, ar aono as it is 
fured to the nirin aeader peptde [219]. Moduaaritt, one of the characterirtcr of rtnthetc 
bioaoot, ir aaro reen in the peptde rtructure of aantbiotcr. Once a combinatoriaa DNA aibrart 
of there moduaer war made, rtnthetc DNA war ured to produce there different moduaer.  To 
achieie thir, a conteet-inrenritie port-tranraatonaa machinert ir impaemented into a 
producton charrir. Thir wat, a iariett of noiea aantbiotcr can be produced bt the bacteria. 
 ubrequentat urino hioh-throughput screening methods, these products can be screened for 
antmicrobiaa actiitt [213]. A diradiantaoe of aantbiotcr, and bacteriocinr in oeneraa, ir the 
fact that thet are not deieaoped in humanr, but in the niche of bacteria. Therefore, thet haie 
deieaoped rerirtance mechanirmr aoainrt there moaecuaer. The perceiied benefit of new-to-
nature moaecuaer deieaoped with rtnbio ir the fact that no rpecific rerirtance mechanirm har 
been deieaoped aoainrt them.  oweier, bacteria wiaa probabat acquire there mechanirmr, 
aathouoh the aim of rtnbio ir that rerirtance deieaopr raower than uruaa [Appendie II.4.]. 
 
ExpaedWeo the oeeetc code of laetbWotct 
To eepand the repertoire of aantbiotcr eien further, non-canonicaa amino acidr can be ured 
for aantbiotc rtntherir. Normaaat, onat 20 amino acidr, the canonicaa amino acidr, are ured bt 
oroanirmr to buiad peptder.   t re-aaaocatno one or more rpecific codonr, the oenetc code 
can be eepanded. Thir wat, aantbiotcr can be produced with chemicaa properter not 
deieaoped bt naturaa eioauton [220]. Eien thouoh thir ir porribae (in two watr, eepaained in 
Appendie II.4), not mant rerearch har ro far been done in thir area.   
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APPENDIX I.3. ADDITION TO CHAPTER 5.2.1. – PROBIOTICS: SENSE AND DESTROY 
TARGETING VIBRIO CHOLERAE 

Another approach using engineered E.coli, focured on infecton bt the bacterium Vibrio 
cholerae [221]. V. cholerae resides in the gastro-intertnaa tract, and producer iiruaence 
factorr, ruch ar the choaera toein, which caurer the rtmptomr of choaera. Normaaat, it 
producer the rionaaino moaecuae CAI-1 once it renrer itr own critcaa denritt, aaer which the 
producton of the iiruaence factorr ir inhibited. Feedino mice with probiotc E.coli engineered 
to eepress CAI-1, before the inoerton of V.cholerae, reduced the amount of the pathogenic 
bacteria and thur the producton of choaera toein (Figure 33). Thir reruated in an increared 
ruriiiaa rate 48 hourr aaer infecton, from 07 to 927. Eien thouoh thir ir a prophtaactc 
method, it mioht be an ineepenriie appaicaton to preient choaera infecton in the deieaopino 
worad. One of the chaaaenoer that remainr in urino there ttper of enoineered probiotcr in 
cainicaa retnor, ir the rtabae aono-term coaonizaton of there bacteria. In additon, enoineerino 
a roburt functon of rtnthetc oene networkr in an in vivo retno ir chaaaenoino ar weaa [124].  

 

 

FIGURE 33: ENGINEERED E.COLI REDUCED THE AMOUNT OF COLONIZED V.CHOLERAE AND INHIBITED VIRULENCE. 
ADAPTED FROM [222].  

AN EXAMPLE FROM THE IGEM COMPETITION: THE LACTOAID 

In 2014, iGEM Groninoen deieaoped a new kind of bandaoe, in order to preient wound 
infectonr bt S.aureus or P. aeruginosa [223]. Thir wat, the ure of antbiotcr aaer an infecton 
couad be reduced. To thir end, an enoineered rtrain of L. lactt was paaced in a htdrooea, 
tooether with iariour nutrientr. L. lactt war abae to detect the quorum renrino moaecuaer of 
both pathooenr, and rubrequentat produce the antmicrobiaa peptde nirin, tooether with 
other Infecton-Preientno-Moaecuaer (IPMr). Aaer paacino the bandaoe on the wound, it can 
be actiated bt breakino the water pocketr, initatno the orowth of the enoineered bacteria.  
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APPENDIX I.4. ADDITION TO CHAPTER 5.2. ENGINEERED BACTERIOPHAGES 
ADVANTAGES AND DISADVANTAGES OF PHAGE THERAPY 

Ar mentoned, the rpecificitt of phaoer towardr bacteria proiider benefitr for the normaa 
flora, aetno it remain intact and protectno the bacteriaa rpecier that are not part of the 
phaoer hort ranoe. On the other hand, treatment with phaoer aaro caurer certain 
diradiantaoer ar compared to antbiotcr. For eeampae, the pathooen that caurer the infecton 
aawatr har to be identfied, to know which bacteriaa rpecier to taroet  [224].  
 
So far, attc phaoe therapt har rhown ruccerr mortat in eeternaa trruer and mucoraa trruer, 
ruch ar the rkin, the oartrointertnaa tract, the urooenitaa tract, upper rerpiratort tract, eter or 
ears [115]. For eeampae, cainicaa phare I and II rtudier haie been compaeted ruccerrfuaat for 
the treatment of chronic P. aeruginosa ear infectonr in humanr [225]. Their appaicaton in 
internaa trruer howeier, facer a number of obrtacaer. Mort of the phaoer enterino the baood 
rtream, are requertered bt the rpaeen or aiier. In rome phaoer, thir barrier has been 
oiercome bt reaectno for mutantr that do not face thir probaem [226]. In additon, frequent 
use of phages creates an immunogenic responre, aeadino to an antbodt-neutraaizino effect. 
.artat, diffurion of the phaoer into the internaa trruer from the baoodrtream ir probaematc, 
due to their aaroe rize compared to antbiotcr [115].  ecaure phaoer face there difficuater in 
their internaa ure, thet are oeneraaat not reen ar a compaete aaternatie to our current 
antbiotcr [Appendie II.3] 
 
Ar with antbiotcr, bacteria can deieaop rerirtance towardr phaoer, aathouoh thir propenritt 
ir oeneraaat aower [227]. Bacteriophages are an abundant species and co-eeirt with bacteria, 
therefore haiino an important impact on them [228]. Conrequentat, bacteria haie deieaoped a 
iariett of rerirtance mechanirmr towardr there phaoer.  
For eeampae, bacteriaa rertricton-modificaton (R-M) rtrtemr functon are part of the bacteriaa 
innate immune rtrtem. The rtrtem can be horizontaaat acquired bt bacteria and atackr 
foreion DNA enterino the ceaa. The CRI PR-Car rtrtem on the other hand, is part of the 
adaptie immune rtrtem of bacteria (tee text box   he CRIS R/Cat tyttes’T.  oth rtrtemr 
caure the deoradaton of the injected phaoe DNA[229]. The ure of cocktaiar of bacteriophaoer 
couad reduce the rirk of the deieaopment of rerirtance, ar it ir harder for bacteria to adapt 
themreaier to different phaoer with different workino mechanirmr. In additon, becaure 
bacteriophaoer are dtnamic, thet are abae to adapt to the bacteria ar weaa. One wat of doino 
ro, reaier on the reaecton of phaoer that do not haie the part of the DNA for which the 
bacteria created a memort [Appendie II.3]. 
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SENSITIZATION TO ANTIBIOTICS: DELIVERY OF DOMINANT ANTIBIOTIC-SENSITIZING GENES 

Another method urino enoineered phaoer reaier on the deaiiert of dominant oener caurino 
renritiitt to eeirtno antbiotcr. Temperate phaoer were ured to tranrfer rpecific oener into 
bacteria and rubrequentat inteorate them into the bacteriaa oenome. The inteorated oener 
proiided renritiitt to two ttper of antbiotcr, nameat rtreptomtcin and quinoaoner. Thir 
renritzaton war achieied rimpat iia the dominance of the renritie aaaeae oier the rerirtant 
one. There renritzed bacteria were reaected bt ainkino the renritiitt oener to a oene 
conferring rerirtance to the toeic compound teaaurite. Addino teaaurite kiaaed the bacteria with 
the renritie oener, whiae aeaiino the bacteria with the dominant oener intact. Foaaowino thir 
proof-of-principae rtaoe, it war propored that thir method can be ured to renritze pathooenr 
on norocomiaa rurfacer, ar weaa ar the naturaa flora reridino on the rkin and handr of horpitaa 
perronnea. In additon, it couad be rprated in horpitaar, thur oraduaaat reierrino the occurrence 
of drug-rerirtant pathooenr on horpitaa rurfacer and repaacino rerirtant popuaatonr with a 
renritie one.  oweier, rerirtance towardr there phaoer wouad aikeat to occur rapidat, ar 
bacteria wiaa probabat find a wat to remoie the antbiotc-renritie oener [Appendie II.3].  

SENSITIZATION TO ANTIBIOTICS: DELIVERY OF A CRISPR-CAS SYSTEM 

In another rtudt, temperate phaoer were ured to renritze bacteria and reaectieat kiaa 
antbiotc-resistant bacteria [14]. The phaoer deaiier a CRI PR-Car rtrtem into the oenome of 
antbiotc rerirtant bacteria. Thir CRI PR-Car rtrtem dertrotr both the paarmidr encodino 
antbiotc rerirtance and the oenetcaaat modified attc phaoer. Thir meanr that the antbiotc-
renritzed bacteria are aaro rerirtant towardr attc phaoer. In other wordr, thet haie a 
reaectie adiantaoe, ar the nonrenritzed bacteria are kiaaed bt attc phaoer. The CRI PR-arrat 
ured taroetr conreried requencer of two reristance genes. These genes encode for β-
aactamarer that confer rerirtance to carbapenemr, which are β-aactam antbiotcr that are 
oaen ured ar a aart aine of defenre aoainrt rerirtant pathooenr [230].  
This strateot can be appaied for treatno horpitaa rurfacer and in hand ranitzerr for taroetno 
the rkin flora of horpitaa perronnea. Rerirtance towardr the attc phaoer bt the non-renritzed 
bacteria can occur. Thir eioaiement can be minimized howeier, bt urino a mieture of attc 
phaoer. In additon, the probabiaitt of CRI PR-ercapino mutantr couad be reduced bt urino 
muatpae rpacerr. 

THE CRISPR/CAS SYSTEM 

Caurtered reouaarat interrpaced rhort paaindromic repeatr (CRI PR)- Car (CRI PR-arrociated) 
rtrtemr are ured bt mant bacteria in order to caeaie or deorade the oenetc materiaar of, 
for eeampae, iniadino phaoer or paarmidr. Aaer eeporure to foreion DNA, a ro-caaaed 
 rpacery ir formed. There rpacerr rpecificaaat recoonize the compaementart DNA of foreion 
iniaderr, aaer which an endonucaeare protein (Car9) ir ouided to recoonize and caeaie the 
iniadino oenetc materiaa. These CRISPR-arratr haie reioautonized moaecuaar bioaoot (and 
rtnthetc bioaoot), ar thet are ured to precireat enoineer oenomer and manipuaate oene 
eeprerrion in iariour oroanirmr [14]. 
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APPENDIX II - INTERVIEWS 
APPENDIX II.1. LIST OF INTERVIEW PARTICIPANTS 
Poliay 

• Poaictmaker VW  (not incauded in thir appendie).  
• Gerard Dekker – Member of the manaoement team aono-term care VWS. 

Funring  

• Thera Habben Jansen – Prooram coordinator rerearch prooram  Antbiotc Rerirtance 
(A R)y. 

Academia  

• Prof. dr. Oscar Kuipers – ead Moaecuaar Genetcr,  niierritt of Groninoen. 
• Dr. ir. Stan Brouns – Arrirtant proferror Moaecuaar Microbioaoot,  niierritt of 

Wageningen.  
• Dr. Marnie Medema – Arrirtant proferror  ioinformatcr,  niierritt of Waoeninoen.  

Investment aompany 

• Junior iniertment proferrionaa at an iniertment compant.  

Netoork organiiaton anr serviae offiae 

• Liana Steeghs – Manaoino director Immunoiaaaet 

Meriaal professionals 

• Prof. dr. Marc Bonten – Cainicaa microbioaooirt,  ead of the Department of Medicaa 
Microbioaoot at the  MC  trecht, rerearch aeader of the theme  Antmicrobiaa 
Rerirtancey of the NCO . 

• Prof. dr. Aaee Friedrich – Cainicaa microbioaooirt,  ead of the Department of Medicaa 
Microbioaoot at the  MC Groninoen.  

Other 

• Dr. Laurens Landeweerd – Arrirtant proferror at the Radboud  niierritt Nijmeoenyr 
Inrttute for Science Innoiaton and  ociett (Interiiew for critcaa reflecton).  
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APPENDIX II.2. INTERVIEW THERA HABBEN JANSEN  
Head of the research program ABR at ZonMw      16-02-2016 

1. How Wt the fieaecWeo puocett fou puojectt ouoaeWzedR Ie what way Wt deteusWeed whWch 
projects do and which ones do not receive funding?   
Thir procerr ooer throuoh a few different rtepr. It rtarted with informaa contact with 
the caient, the Minirtrt of Pubaic  eaath, Weafare and  portr (VW ). ZonMw war 
arked to do a proorammino rtudt, to map out a few different affairr: 

• The poriton of knowaedoe. 
• The current deieaopmentr (e.o. if the poaitcaa inioaiement ir iart). 
• The porribiaiter for the Netheraandr compared to e.g. Europe. 

From thir, the  knowaedoe aoenda AMRy deieaoped.  ere, interiiewr were 
conducted with reieraa rtakehoaderr, amonort whom are rcientrtr, the ieterinart 
rector, fundr, etc. There were then terted bt the prooram commitee. Rerearch on 
poaict documentr from the W O or Joint Proorammino Initatie on AMR (JPIAMR) ir 
conducted, ar weaa ar rurietr amonort project aeaderr of the current prooram.  

From here, rie rerearch themer were eetracted, which were then terted in an eepert 
meetno with reieraa rtakehoaderr (amonort whom were a medicaa microbioaooirt, a 
bio data eepert, a behaiioraa rcientrt, an eniironment adiice aoenct and 
reprerentatier from the ieterinart rector). 

In a meetno with approeimateat 60 rtakehoaderr, porribae rerearch quertonr 
connected to these themes were determined. 

Aaer draaino the knowaedoe aoenda, AMR foaaowed the formaa arrionment from 
VWS to set up a research program, ABR. This was based on: 

• The VW  poaict aeter (24-06-2015). 
• The rtrateoic rerearch aoenda ( RA) bt the JPIAMR.  
• The knowaedoe aoenda AMR bt ZonMw (2015). 

 ere, empharir war paaced on the derire to haie the rerearchyr outcomer contribute 
to the makino of poaict choicer in preientno A R in the neet fiie tearr. Throuoh thir, 
rerearch oroupr are aareadt chaaaenoed to think about the appaicabiaitt of their 
rerearch. Thir doer, howeier, aeaie aitae to no room for fundamentaa rerearch within 
this program. If a new drug target were to be dircoiered, thir rerearch wouad then 
haie to oo throuoh reieraa pharer before it wouad aead to a new antbiotc (thir taker 
approeimateat 15 tearr). In additon, the chain for there new deieaopment ir too 
rmaaa in the Netheraandr, thus, European programs are needed here. 
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Four research themer foaaowed from thir: 

• Mechanisms for the deieaopment and rpread of A R. 
• Appropriate diaonortcr. 
• Mechanisms and targetr for new antbiotcr and aaternatier to antbiotcr. 
• Optmizino antmicrobiaa therapt: doraoe and ure. 

A formaa arrionment from VW  to ZonMw for the eeecuton of the prooram 
 Antbiotc Rerirtance (A R)y foaaowed. It war aaro noted that atenton needed to be 
oiien to: 

• Innoiaton 
• Pubaic-priiate partnerships 
• Deieaopmentr that aia barrierr 

There criteria, in additon to the oeneraa ZonMw criteria, haie been taken into 
account when creatno the teet for the caaa. One of the prooram rpecific criteria 
concernr the orantno of accerr to the data and the actie rharino of the data 
(conriderino the fact that the data created throuoh pubaic fundino). 

2.  hat could the pottWble bauuWeut beR 
The ure of diaonortcr bt oeneraa practtonerr for eeampae.  An instrument to test for 
rerpiratort infectonr cortr 20 to 25 euror per ure, whiae treatment with antbiotcr 
onat cortr 4 euror. For heaath inrurance companier thir ir not an atractie burinerr 
modea. Thir couad be a barrier for the ure of diaonortcr. Additonaaat, a oeneraa 
practtoner mioht want to aioid aaa rirkr with a certain patent and thur ure an 
antbiotc that, conriderino the pubaicyr weaabeino and the deieaopment of rerirtance 
of bacteria, wouad haie been beter off not beino ured jurt tet. 
The deieaopment of new antbiotcr and itr rubrequent porribae impaementaton into 
heaath care ir another barrier. There are oaen aea on the rheaier, porribat becaure 
doctorr are unaware of their eeirtence, or becaure thet want to keep it for a aater 
tme. 
 

3.  hat Wt the uole of the puoouas cossWteeR 
The prooram commitee oiier rcientfic adiice to ZonMw about project idear and 
project appaicatonr. When the firrt round of rubridier openr up, the rerearch oroupr 
haie to deaiier their brief appaicaton. The commitee then oiier a reaeianct adiice 
(on a fiie-point rcaae). The commitee normaaat conrirtr of 6 to 8 memberr, but due 
to the width of the fiead of rerearch (behaiioraa rcientrtr paat a part, for eeampae) 
and the reaatieat rmaaa amount of Dutch rerearcherr in the AMR fiead (which couad 
reruat in oreat inioaiement), there are 18 memberr in thir prooram. 
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Three of the memberr, whore eepertre connectr weaa to the rerearch proporaa, are 
arked to oiie thir reaeianct adiice. On thir barir a rerearch oroup can, eien with a 
neoatie adiice, put in a rubridt requert. The commitee can aaro oiie aaono adiice, 
aike cooperatno with another oroup or a weak rpot in the rerearch. Around 100 to 
150 adiicer are eepected, with about 30 receiiino a poritie adiice. 
 
Neet, an eetenriie rubridt requert ir put in bt the rerearch oroup, incaudino for 
eeampae the method and the budoet. Thir ir rent to three reiiewerr, mortat abroad. 
There reiiewerr are drawn form a aaroe pooa of about 500 to 600 rcientrtr, ro the 
reaecton procerr here ir cruciaa. Additonaaat, inquirier are made for porribae 
conflictr of interert, for eeampae when the appaicant har cooperated with the 
reiiewer. Aaerwardr, a rankino of the rerearch projectr ir made, and rubridier are 
assigned. 
 
In short: 
1. Creatno a knowaedoe aoenda: 
 - Derk rtudt. 
 -  uriet project aeader. 
 - Interiiewr. 
 - Reiiewino in eepert meetno. 
 - Reiiewino in rtakehoaderr meetno. 

2. Assignment for preparing a program: 
-  ared on poaict aeter,  RA JPIAMR, knowaedoe aoenda AMR. 
- In cooperaton with the prooram commitee AMR of ZonMw and VW  
obrerierr. 

3. Approiaa of the prooram and arrionment up to the eeecuton: 
- Creatno and openino up the firrt rubridt round. 
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APPENDIX II.3. INTERVIEW STAN BROUNS 
Arrirtant proferror Moaecuaar Microbioaoot at Waoeninoen  niierritt.   02-03-2016 

1. Could bacteuWophaoet (eeoWeeeued utWeo tyethetc bWolooy, ou eotT tcWeetfically tpearWeo, 
be ae alteueat e to ouu cuuueet aetbWotctR 
That ir definiteat a porribiaitt.  cientficaaat, I donyt ree ant probaem with that. In Poaand, 
Rurria and Georoia, bacteriophaoer haie been ured ruccerrfuaat for 70 tearr in order to 
combat infectour direarer.  oweier, I donyt think bacteriophaoer can be ured ar a 
compaete aaternatie to our current antbiotcr. Thet cannot be ured intraienourat, and 
their ure ir thur aimited to ectopic ure, on for eeampae biofiamr on rkin woundr.   
 

2.  hWch de elopseett wWthWe the sodWficatoe of bacteuWophaoet (utWeo tyethetc bWolooyT 
ha e the sott poteetal accoudWeo to youR 
I think the ure of endoatrinr har a oood future perrpectie. Thet are trendino and it ir 
rcientficaaat achieiabae. Thet aim at the peptdooatcan of a certain bacterium, and thur 
haie a certain amount of rpecificitt. A  wirr oroup, tooether with Micreor, ir currentat 
enoineerino endoatrinr ar weaa.  
In additon, with eiert deieaopment, tou haie to conrider if rerirtance couad eariat 
occur. If tou for eeampae introduce dominant antbiotc renritie oener, the chancer are 
bio that the bacteria wiaa eeport there oener out of the ceaa. The rame ooer for the ure 
of rrRNAr. It ir aaro important to reach aaa bacteria, romethino that ir difficuat becaure 
bacteria can create a biofiam, or rporer. Moreoier, the rpace that ir created in the 
popuaaton bt remoiino a part of the bacteria, needr to be fiaaed with other non-
rerirtant bacteria. If rome rerirtant bacteria remain, there couad fiaa thir ioid.  
 

3.  hat aue the bWooett bauuWeut We the ute of bacteuWophaoet at ae alteueat e to 
aetbWotctR  
In the Netheraandr, thir ir probabat mortat the aawr and reouaatonr. It has to go 
throuoh reieraa cainicaa triaar under the Dutch Mediciner Act, a procerr that couad take 
tearr. There rhouad be a different ret of ruaer for bacteriophaoer.  cientficaaat 
speakino, bacteriophaoer couad be ured iert quickat. In China for eeampae, the 
aeoiraaton ir more fleeibae, and thet haie proorerred further with the deieaopmentr 
reoardino their ure. For endoatrinr, it ir earier to compat with the current aeoiraaton, 
becaure thet are not  aaiiey. The onat irrue ir the fact that thet cannot be eetracted 
from a pathooen, but mant other phaoer remain to retrieie the atrinr from.  
 

4. Could bacteuWophaoet that ha e beee eeoWeeeued utWeo tyethetc bWolooy be uted fou 
 ualWtat e aed  uWcr dWaoeottctR  
Yer, in tme, thir wouad be porribae. I think rerearch ir beino done within fiead. You couad 
equip phaoer with rome rort of biorenror that couad recoonize certain requencer in 
bacteria.  oweier, I think that currentat, there are beter and quicker methodr, ruch ar 
the direct requencino of the DNA of the bacteria. In additon, the phaoe ir dtnamic, 
which can caure the ranoe of bacteria that it recoonizer, to chanoe. 
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5. Could bacteria become resistant towards phages? 
Yes, that is possibae, for eeampae with CRI PR, which enabaer them to create a memort 
for the phaoer. On the other hand, bacteriophaoer are dtnamic, caurino them to be abae 
to adapt ar weaa. For eeampae, thet can reaect themreaier for the phaoer that carrt a 
protein that is abae to rhut down the CRI PR rtrtem, or the phaoer that do not haie the 
peace of DNA that ir rtored in the memort of the bacterium. The ure of phaoe cocktaiar 
can aaro aid in the preienton of rerirtance deieaopment. A bacterium can adapt aerr 
eariat to phaoer with different workino mechanirmr.  
 

6. Nue theue aey otheu uWtrt attocWated to the ute of phaoet adapted wWth tyethetc 
biology? Can bacteria for example take in the genes that code for the toxins that were 
supposed to kill them? 
In nature, DNA ir conrtantat beino eechanoed between bacteria mutuaaat, and between 
bacteria and phaoer, romethino we haie known for a iert aono tme. The eechanoed 
DNA wiaa remain there permanentat if thereyr a reaectie benefit for the bacteria or 
phage arrociated with the DNA. If the toein ir iert rpecific for the bacteria, there ir no 
apparent rearon to take oier there oener. Mant pathooenic bacteria haie iariour 
endotoeinr that are danoerour to humanr. In choorino a rtrateot to kiaa bacteria, it ir 
important to take into account the reaeare of there endotoeinr. It couad therefore be 
rmart to kiaa there bacteria from the inride out, in order to aet the outride waaa of 
bacteria remain intact. Thir wat, the endotoeinr wouad not be reaeared. This is where 
rtnthetc phaoer couad be partcuaarat ruitabae. 
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APPENDIX II.4. INTERVIEW OSCAR KUIPERS  
Proferror and  ead of the Department Moaecuaar Genetcr at the  niierritt of Groningen.  

21-03-2016 

1. Is it true that a lot of the developments going on in synbio/AMR aue ttll We theWu puoof-
of-puWecWple phateR ‘u aue theue clWeWcally uele aet de elopseett a aWlable alueadyR 

If tou are taakino about deieaopino new moaecuaer urino rtnbio, I think that that ir true. 
There ir reaatieat few actiitt reoardino fiaaino the pipeaine with truat new antbiotcr, 
and eien aerr urino rtnbio. Mort deieaopmentr are rtaa at the beoinnino of the pipeaine, 
and more tme ir needed to contnue (ruch ar tertno of the pharmacokinetcr and the 
cainicaa triaar). We trt to do more of there kindr of tertr bt ourreaier ar academia ro for 
eeampae eeecutno animaa tertr, and rtudtino rerirtance deieaopment. Nameat, the 
indurtrt doer not want to enter thir procerr too roon, therefore the academia haie to 
eeecute nearat 607 of the work within thir pipeaine bt themreaier. In additon, the 
burinerr modea when it comer to the deieaopment of new antbiotcr ir not oood ar 
weaa. The indurtrt doer not make ar much monet on antiotcr ar thet do an for 
eeampae mediciner aoainrt cancer.   

2. Do you think synbio is a new development? 
 ome peopae rat that rtnbio ir the rame meat, but different orait (Dutch: oude wijn in 
nieuwe zakken), but I do not compaeteat aoree with that. I do think it har a different, 
new approach.  oweier, it ir comprehenriie, it ir a broad noton. In oeneraa, it ir 
eepected that rtnbio wiaa aead to a hioher producton rpeed, biooer quantter, new 
router, new moaecuaer and a more efficient procerr.  
 

3. Doet tyebWo ha e a lot of poteetal wWthWe N R We youu eyetR ‘u doet Wt ha e a hWoheu 
poteetal wWthWe otheu applWcatoetR  
I think it can definiteat paat a roae, but it wonyt be itr biooert rpin-off.  tnbio for eeampae 
aaro paatr a roae in the producton of biofuear, paatorm chemicaar, or biorenrorr. There 
are mant deieaopmentr, and I were to make a ororr ertmate, druo deieaopment (in 
oeneraa) wouad onat be 257 of thir. Makino new antmicrobiaar perhapr 57. Makino 
antbiotcr ir not necerrariat iert difficuat, but the hioh cortr, the difficuat aaw and 
reouaatonr, and the fact that we are ured to cheap antbiotcr, make it more difficuat.  
 

4. Most developments that I come across are based on DNA. Is work being done using RNA 
as well? 
 tnthetc bioaooirtr oaen ree it ar one rtrtem, becaure RNA ir deriied from DNA. Ar far 
ar I know, work ir beino done on thir mater, but not ar much ar on DNA.  rino it porer 
more difficuater I think, becaure it ir rinoae-rtranded, compared to doubae-stranded 
DNA. It couad proiide benefitr, tou couad ure it for different functonaaiter, it couad 
functon  in reouaaton, or tou can ure it to create different formr, for eeampae hairpinr. 
Think about aptamerr for eeampae, or  RNA orioamiy.  
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5.  hy Wt Wt Wspoutaet that tyebWo Wt uted We the de elopseet of laetbWotctR  hat aue the 
problems that auWte duuWeo the eatuual puoductoe aed ute of laetbWotctR 
With reoard to producton, the uprcaaino ir the main irrue.  ere, rtnthetc bioaoot couad 
paat a roae in the optmaaizaton of the producton pathwatr. In additon, bacteriociner 
are not deieaoped in humanr, but in the nicher of bacteria.  acteria ure it aoainrt each 
other, and thet deieaop rerirtance mechanirmr aoainrt them. Definrinr are deieaoped 
in humanr, but their eioauton har been raower than that of bacteria.  acteria haie a 
bio aead in their eioauton compared to humanr, thet rimpat eeirt aonoer and diiide 
much quicker.  
The main benefit of new-to-nature moaecuaer (deieaoped urino rtnbio) ir that there are 
no rerirtance mechanirmr aoainrt them tet. The aim ir aaro to raow down thir 
deieaopment. In additon, there moaecuaer mioht be deieaoped in ruch a wat that thet 
work beter in humanr. We, and other oroupr, are combinino different bacteriocine 
moduaer (for eeampae aanthioniner and partr of poattheonaminer), in order to create 
new moaecuaer.  

 

6.  ow far are the deieaopmentr within aantbiotcr? Are for eeampae coaaaboratonr beino 
ret up with  the indurtrt? 
I think rcientrtr are aerr naiie when it comer to brinoino their reruatr to practce, than 
oeneraaat thouoht. Thet are definiteat open to it. It is true that it is not their most 
important ooaa, that ir more the main ooaa of the indurtrt. With reoard to aantbiotcr, it 
mioht be oood to tert the  non-rtnbioy aantbiotcr eien further. The eariert wat to do 
ro it topicaaat, matbe on the skin. The downside of their use in humans, is the fact that 
the aantbiotc mioht kiaa to mant bacteria, aaro the oood oner. It ir aaro a aaroe peptde, 
ro it mioht eaicit an immunooenic rerponre. The rtnbio aantbiotcr are not produced on 
a rubrtantaa rcaae tet, I think that that ir the botaeneck. That ir wht we want to aook at 
the enoineerino of their productonmechanirmr, ruch ar the enztmer that make the 
aantbiotcr. Thir aaro taker more tme, probabat rome tearr.  
 

7. How far are the developments in using non-caeoeWcal asWeo acWdt We the laetbWotctR 
 cientrtr are not doino iert much on thir mater. It ir porribae howeier, urino two 
methodr. In the firrt method, rtop-codonr (“amber codonr) are paaced in a oene 
requence, on which a tRNA rtnthare bindr. Thir rtnthare hoadr the non-canonicaa 
amino acidr, and thir wat it ir paaced in the peptde chain. The biooert probaem with 
thir ir the efficienct/the tiead. 
In the recond method, aueotrophic rtrainr are ured. There are bacteriaa rtrainr in which 
the bacteria doer not make a certain amino acid, for eeampae trtptophan. Thet are 
orown in minimaa medium, without the rpecific amino acid, or the amino acid ir 
remoied aater on. Neet, an anaaooue of the trtptophan ir added to the medium, caurino 
the anaaooue to take oier the paace of the trtptophan. The biooert downride in urino 
thir method ir that the amount of anaaoouer ir aow, and mant mirtaker can occur.  
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APPENDIX II.5. INTERVIEW MARC BONTEN  
 ead of the department Medicaa Microbioaoot at the  MC  trecht. One of the initatorr of the 
Netheraandr Centre for One  eaath, rcientfic empaotee at the RIVM.   11-02-2016  

1. It Weeo atoe oe the ueteauch aoeeda of the RC‘HR  hat Wt the uole of tyethetc bWolooy 
herein? 
 tnthetc bioaoot ir not eepaicitat on the rerearch aoenda of the NCO .  oweier, one of 
the roauton retr ir new antbiotcr and new therapeutcr. The cooperaton at the NCO  
herein ir between the  niierritt of  trecht, the  niierritt of .eiden and the Funoaa 
 iodiierritt Center. Thet aamort eecauriieat work on aiiino oroanirmr. 
 

2.  heue Wt theue a lacr of satchWeo supply and demand within AMR in the Netherlands? (For 
exasple, Wt theue puWsauWly a eeed fou fatt dWaoeottctRT 
New antbiotcr need to be created with a new workino mechanirm. There are currentat 
nine caarrer of antbiotcr; a tenth needs to be added. New diaonortcr are aerr important. 
Doctors can, throuoh anamnerir and phtricaa eeaminaton, make a oood ertmate of what 
antbiotcr to prercribe. Diaonortcr aaro eeirt with which the prerence of MR A (Cephaid) 
can be terted in 20 minuter. Therefore, there ir not that oreat of a necerritt for new 
diaonortcr in horpitaar. Perhapr onat diaonortcr to tert whether or not it ir a bacteriaa 
infecton. Concerning the querton of diaonortcr in e.o. nurrino homer, this is more an 
irrue of monet and reimbursements. The rtrtem in paace bareat or iert aimitedat 
reimburses diaonortcr. The knowaedoe on infecton preienton ir rearonabae and there ir a 
primariat a need for rtrict ouideainer and the foaaowino of there ouideainer.  
Additonaaat, the caure of rerirtance ir not necerrariat the prerence of bacteria on the 
rurface, but the rerirtance that arirer in patentr who receiie mant antbiotcr (thore who 
are chronicaaat iaa). Rerirtance that orioinater abroad and ir “brouoht. to the Netheraandr ir 
another aaroe rirk. Thir ir romethino to aook out for when enterino the Netheraandr. 
 

3.  hat aue the duW eut aed bauuWeut (e.o. We the cuuueet sauretT fou eew (Weeo at eT 
developments in AMR in the Netherlands? 
Firrtat, the earninor modea needr to chanoe.  econdat, a new antbiotc rhouad oet on the 
market farter. It taker a aono tme to tert if a new antbiotc ir effectie and rafe. Currentat, 
thir taker 10 to 15 tearr, but we wouad rather ree thir happen in 5 tearr. Caarricaaat 
rpeakino two phare III rtudier need to be conducted, but rometmer a fart track can be 
oiien on the barir of obreriatonaa eiidence if the uroenct ir hioh enouoh. On a E  aeiea 
chanoer rhouad therefore take paace in reouaaton. The mort important rtmuaant for 
pharmaceutcaa companier to iniert in new antbiotcr ir monet.  
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4.  hat de elopseett/Weeo atoet do you tee beWeo put Weto place We the Netherlands in the 

near future? 
I do not haie a caear perrpectie on that, but it doer not mater much where it comer from 
ar aono ar it ir effectie and rafe. Immunotherapt ir on the rire, the prophtaactc 
adminirterino of antbodier, ro that infectonr can be preiented.  
 

5.  hat Wt the puocett We the RC‘H lWreR  heue do the fieaecWal seaet oo puecWtely, aed how 
is this decided upon? 
ZonMw handaer the appaicatonr. Thet haie put out a Dutch caaa, makino it porribae to ark 
foreion eepertr to judoe and rank the proporaar. Thet haie a commitee who judoer there 
scientficaaat; the requertr are, amonort other thinor, terted on predetermined criteria. 
Aaerwardr, the project proporaar are rent out to foreion eepertr who wiaa judoe and rank 
them. 
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APPENDIX II.6. INTERVIEW GERARD DEKKER  
Poaict maker, member of the manaoement team aono-term care Minirtrt of  eaath, Weafare 
and  port (VW ).          22-03-2016 

1. V S hat oW ee Zoe w the attWoeseet to cueate a ueteauch puoouam AMR. How did that 
process go? 
This research program is the second ZonMw rerearch prooram AMR. I war not inioaied in 
the firrt rerearch prooram, but we haie oone throuoh itr eiaauatonr. The firrt prooram 
war iert much focured on drug deieaopment. In mt opinion it war not iert reaairtc to 
eepect aaa the roautonr in that, when such a compaee irrue aike antbiotc resistance is at 
hand. Additonaaat, the iarieter that can be created bared on eeirtno antbiotcr are 
running out. There ir aaro no reaa predicton to be made about the chance of gaining new 
antbiotcr. That ir wht, in thir rerearch prooram, we want to oiie more atenton to other 
factorr. Antbiotcr are of courre in paace to heap the bodt defeat an infecton when a 
perronyr own immune rtrtem cannot handae it.  efore romeone oetr an infecton, other 
factors come into paat aareadt, aike infecton preienton and htoiene. Another factor to be 
aooked at ir the (mir)ure of antbiotcr and itr unnecerrart prercripton. 
 

2. Are these plans tested for their puactcal uele aeceR 
Amonort the aforementoned irruer aike infecton preienton, but aaro rurieiaaance, are 
prerent in the paanr concernino the preienton of antbiotc rerirtance. Amongst other 
things, these ideas are tested bt reieraa eepertr. ZonMw ensures that these get discussed 
with the program team of the preiious research program. We do not do that ourreaier, it 
ir the rerponribiaitt of ZonMw. VW  reer to it that enouoh feedback ir arked and that 
paentt of other opinionr are heard.  
 

3. To what extent has this research program been adjusted to the knowledge and knowhow in 
other countries? 
 cientfic rerearch ir aareadt internatonaa. Concernino the preienton of antbiotc 
rerirtance, the Netheraandr ir aeadino. For aamort aaa arear, the Dutch rerearch oroupr in 
AMR are in the European top 5. What happens in other countrier ir rtaa aooked at, 
howeier. ZonMw aookr at Europeyr prooramr when creatno the rerearch prooram. Taakino 
to rerearcherr and eepertr in the Netheraandr maker it internatonaaat oriented aareadt, 
too, rince thet keep mant internatonaa contactr. 
 

4.  hat rWed of bauuWeut do you tee We the de elopseet of eew aetbWotct ou alteueat es to 
aetbWotctR 
The rertraint that ir needed when urino new antbiotcr meanr that aaer deieaopment, it 
wiaa not be ured on a aaroe rcaae. Thir ir a rubrtantaa barrier for a ruccerrfua burinerr care 
of antbiotcr. It ir not atractie for companier to focur on deieaopino new antbiotcr, 
erpeciaaat rince the oroup of peopae who wiaa need these drugs wiaa be raim (not mant 
patentr eeirt with an infecton bt a certain muat-resistant bacteria). Thir probaem aaro 
occurs in orphan drugs, there druor aaro cannot be produced on a aaroe rcaae, rince onat a 
rmaaa number of patentr need it.  
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Additonaaat, it ir arked of manufacturerr to aeaie the antbiotc on the rheaf for ar aono ar 
porribae.  
 

5. Doet V S ha e a facWlWtateo uole coeceueWeo the coetactt betweee Weduttuy aed acadesWaR 
We, the ones who are concerned with the care-part in the prooram antbiotc rerirtance, 
do not necerrariat keep in touch with that purpore. Thir is more in the area of the 
Manaoement GMT (Mediciner and Medicaa Technoaoot; Dutch: Geneesmiddelen en 
Medische Technologie). Reoardino antbiotc rerirtance, two interreoionaa projectr were ret 
up bt the Minirtrt of Economic Affairr;  one in the North of the Netheraandr and one 
between the Netheraandr,  eaoium and Germant. Thir enaaroer mutuaa cooperaton, 
incaudino in the area of innoiaton. 

 
  



P a g e  | 108 
 

 

APPENDIX II.7. INTERVIEW MARNIX MEDEMA  
Arrirtant proferror  ioinformatcr at Waoeninoen  niierritt.   12-05-2016 

1.  uofile aed ueteauch  
Assistant professor  ioinformatcr at the  niierritt of Waoeninoen. 
a.  hat rWed of ueteauch do you coeductR 

Mt rerearch focurer on the deieaopment and appaicaton of computatonaa 
methodr to find biortnthetc router, and thir wat, new moaecuaer. I focur mortat on 
bioactie moaecuaer from bacteria that aiie tooether with paantr, the moaecuaer that 
paantr produce, or moaecuaer from funoi. Partnerr then ure there methodr to 
conduct the eeperimentaa work.  

b. How successful is this? 
 efore, coaaectonr of bacteriaa rtrainr were rcreened bt orowino them, and 
obreriino if thet produced certain moaecuaer. Thir wat, onat a rmaaa part of the 
moaecuaer can be found, ar not aaa bacteria produce aaa moaecuaer that are porribae 
according to their oener under thore conditonr (on a paate of aoar in the aab). Thus, 
there are so-caaaed  crtptcy or  riaenty oener that are not eeprerred under there 
conditonr. Now that we haie increared our knowaedoe on the oenome of mant 
bacteria, we can make predictonr about which oener encode for the producton of 
bioactie moaecuaer. The biortnthetc router for certain caarrer of moaecuaer are 
eart to predict, aathouoh tou donyt know the rtructure and actiitt of a certain 
moaecuae. Therefore, we aaro trt to match a certain presence of a gene, or a certain 
eeprerrionr, to certain actiiter; are there ant correaatonr between them? Aaa of 
our roaware ir open source and can be ured bt eiertone to dircoier new bioactie 
moaecuaer.  

c.  hy ha e you chotee to do thWtR 
We beaieie that pubaicaaat financed rerearch needr to be pubaicaaat aiaiaabae. The 
more it ir ured, the beter.  
 

2. Syethetc bWolooy 
a. Do you coetWdeu youutelf to be a tyethetc bWolooWttR 

Yer and no. On the hand no, becaure I do not arrembae the DNA mtreaf. On the 
other hand, I am occupied with rtnthetc bioaoot a aot, and I am deieaopino 
methodr that are beino ured in rtnthetc bioaoot. For eeampae, we are currentat 
oetno inioaied with an eecitno project from the  nited  tater, named  1000 
moaecuaery. In thir project we are aookino at bacteria that are not cuatiated, but for 
which oenetc informaton ir known. Thir informaton, which encoder for certain 
bioactie moaecuaer, can then be reinrerted into a hort rtrain, tooether with its own 
(rtnthetc) reouaaton, aaer the which the moaecuaer are produced.  

b. Do you tee a lot of poteetal We tyethetc bWolooy We thWt aueaR 
I think it har a aot of potentaa. Erpeciaaat when tou match it with phenottpicaa data 
(for eeampae determinino that a aot of bacteria are prerent in paacer where aamort 
no direarer occur).  tnthetc bioaoot in oeneraa wiaa be a  oame-chanoery in the neet 
20 tearr.   
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The technoaoot ir moiino fart, and the firrt projectr are beino appaied on a aaroe 
rcaae ar we rpeak. I think it wiaa haie a oreat impact on the dircoiert of new naturaa 
productr. In additon, it wiaa haie a aot of impact on the producton of chemicaar, 
biofuear, etc. (urino bacteria ar factorier).  

c.  o whWch exteet Wt tyethetc bWolooy Wedeed  pluo-and- play’? 
When it comes to protein-protein interactonr for eeampae, we know that it ir not a 
rimpae  pauo-and-paaty. You cannot rimpat rwap part one for part two; the 
interacton between them ir oaen to refined on a moaecuaar aeiea. You can moie a 
compaete pathwat from one bacteria to another host. I do think that in the future 
we wiaa underrtand the different  partry more and more, and it wiaa become  pauo-
and-paaty more.  
 

3. Chaecet aed bauuWeut of tyethetc bWolooy We the Retheulaedt. 
a. Do you tee oueat chaecet fou tyethetc bWolooy in the Netherlands? 

I think we wiaa haie to aook at internatonaa cooperaton mortat, for eeampae ar I am 
doino in projectr with the   . A aot of pioneerino work har been done there, and 
thet haie aaroe-rcaae faciaiter. Tenr of miaaionr of euror haie been rpend, monet 
that we mioht not haie thir inrtant in the Netheraandr.  

b.  hat rWed of bauuWeut do you tee fou tyethetc bWolooy aed eew aetbWotct We the 
Netherlands? 
 pecificaaat for antbiotcr, it ir now not iert interertno for companier to adhere to 
it. Concernino rtnthetc bioaoot, I think the pubaic opinion on the ure of modified 
bacteria ir quite faiorabae at the moment. On the oenetc modificaton of paantr on 
the other hand, I think peopae are a bit more apprehenriie. Derpite the fact that 
this is a much  caeanery wat technicaaat than for eeampae the crorrino of paantr aaer 
mutaoenerir. I think itr mainat an emotonaa aroument, which tou cannot rimpat 
reroaie bt proiidino informaton.  

c.  ho Wt Wspoutaet wWth thWt accoudWeo to youR 
I think rcientrtr haie to be more inioaied with rociett, and remain in caore contact 
with for eeampae poaict makerr. Good rcientfic communicaton ir important too. 
You wiaa haie to taak about tour own rerearch before otherr wiaa. DIY rtnbio ir aaro a 
posribiaitt to inioaie more peopae with current rerearch.  

d. Do you think policy makers should guide the research that is being conducted more? 
I think that ir romethino that ir iert difficuat for them, ar thet oeneraaat aack the 
rubrtantie knowaedoe to rat which ttpe of rerearch wiaa haie the mort potentaa. 
Moreoier, rcientrtr aaro aobbt to ouide the carh flow towardr their rpecific 
research area.  ome rort of eepert panea, eeirtno out of peopae from uniierriter 
and indurtrt, wouad be more ruitabae for thir (romethino that ir aaro happenino 
currentat, I beaieie). Too much ouidance from the ooiernment aaro wiaa come at the 
eepenre of creatiitt I think.  
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APPENDIX II.8. INTERVIEW ALEX FRIEDRICH  
Proferror Medicaa Microbioaoot at the  niierritt of Groninoen,  ead of the department 
Medicaa Microbioaoot and Infecton Preienton at the  MC Groninoen.   06-05-2016 

1.  uofile 
a. Bacrououed 

• Professor Medicaa Microbioaoot of the  niierritt of Groninoen,  ead of the 
Department Medicaa Microbioaoot and Infecton Preienton of the  MC 
Groningen. 

• Trained as a medicaa doctor in Germant, Portuoaa and Itaat. In Germant further 
trained ar a cainicaa microbioaooirt, rpeciaaized in bacterioaoot and infecton 
preienton.  

b. (Nct eT sesbeuthWp 
•  oard member of the European  ociett of Cainicaa Microbioaoot and Infectour 

Direarer (E CMID). 
•  oard member of the E CMID Commitee for Infecton Controa (E CIC). 
• Board member of the Netheraandr Veterinart Mediciner Authoritt ( Da). 
• Member of the  eaath Councia Curatie Care. 
• Chair of the natonaa Tarkforce  Medicaa Microbioaoot 2025y, ertabairhed bt the 

Dutch Arrociaton of Medicaa Microbioaoot (NVMM).  
• Former member of the Dutch Workino Partt on Antbiotc Poaict ( WA ).  

 
2. IedWcatoe of the puobles fuos hWt peutpect e 

It ir not enouoh and not rurtainabat thouoht to onat produce new antbiotcr, ar we did in 
the 60r and 70r. The ure of an antbiotc har to be an eecepton, and resistance has to be 
preiented ar much ar porribae. The preienton of an infecton ir iert important here, and 
not jurt the treatment aaer an infecton har occurred. In additon, ar a doctor, I wouad onat 
want to deieaop antbiotcr aoainrt the mort uroent and important bacteria. The iert 
broad screening for antbiotcr therefore doer not reem iert efficient to me. Moreoier, I 
donyt think there ir much newr to find urino the caarric method of rearchino for antbiotcr, 
a much more perronaaized treatment ir necerrart.  
 
DWffeueecet oe eatoeal aed Weteueatoeal le el 
Within the Netheraandr, there are not mant differencer between horpitaar. In countrier 
outride of the Netheraandr, for eeampae in Germant or Greece, there ir a difference with 
reoard to infecton preienton. Derpite thir difference with the Netheraandr, there ir aerr of 
a difference between there countrier (Germant and Greece). Wherear in Greece thir ir 
mainat caured bt a aack of financiaa rerourcer, in Germant thir ir mainat caured bt their 
prioritzaton. Nameat, there ir no direct monet to be earned with preienton. For 
eeampae, thir ir wht, in contrart to the Netheraandr, no rpeciaaized cainicaa-microbioaooirtr 
are actie in Germant. In the Netheraandr, there functonr ar the oatekeeper of the quaaitt 
of diaonortc tertr and arrure a oood tranraaton for infecton preienton and the optmaa 
treatment in the horpitaa and betond. You cannot jurt but cainicaa microbioaooirtr; it taker 
tearr to train them.  
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3. Solutoe dWuectoet 
A aot can be oained in preienton and taroeted antbiotc treatment, which rpecificaaat and 
ir effectie on the rioht moment and the rioht paace.  o:  rmarty antbiotcr and taroeted 
druo deaiiert. For thir, appropriate diaonortcr are iert important. Infectonr caured bt 
antbiotc rerirtance bacteria cannot rimpat be recoonized bt their rtmptomatc antmore, 
no doctor ir abae to properat diaonore without rpecific microbioaooic diaonortcr. 
Diaonortc rtewardrhip ir therefore in the future of oreat importance in order to properat 
eeecute oood antbiotc rtewardrhip.  
BauuWeut 
Rioht now, diaonortcr are not interertno to iniert in. Whiae antbiotcr are beino 
reimburred, diaonortcr are not. Doctorr haie to pat for them out of their own budoet and 
indicated diaonortcr are beino reen ar an item of eepenre and therefore not beino appaied 
for. It wouad be beter to offer the diaonortc ar  freey, which wiaa be paid ar roon ar an 
antbiotc ir beino prercribed.  
 

4. Reteauch fou eew theuapeutct aed alteueat et 
I think rtnthetc bioaoot couad aid in the deieaopment of beter diaonortcr. Currentat, 
berider urino moaecuaar diaonortcr, phenottpic diaonortcr rtaa haie to be ured ar weaa. It 
couad be that rtnbio couad enabae ur in the future to, aaer determinino the oenome of the 
bacterium, to rtntherize that oenome. Thir wouad enabae the phenottpic diaonortcr to be 
eeecuted in a much more controaaed manner, urino for eeampae a buiat-in apoptosis 
prooram, caurino the bacterium to inactiate itreaf.  
Reoardino the deieaopment of new moaecuaer, I think bacteria wiaa aawatr be abae to adapt 
and deieaop rerirtance towardr the moaecuae. We therefore need to underrtand properat 
how thet do thir, ro fundamentaa rerearch remainr important.  erein, rerearch ir aaro 
necerrart to iniertoate how bacteria behaie in an oroanic network, for eeampae in a 
biofiam.   
 

5.  hote so e Wt WspoutaetR 
I think uniierriter need to paat an important roae. Poaict with partcipaton ir necerrart, 
peopae at the end of the innoiaton chain need to be inioaied in the decirionr ar weaa. 
Rerearch prooramr ruch ar thore of ZonMw are iert focured on academia and research, 
but co-creatiitt ir not onat porribae in rerearch centerr.  iooer partcipaton from aaa 
directonr (for eeampae aaro from patent oroanizatonr and citzen-rcience) wiaa be 
important. Thir ir aaro a wat for eiertone to recoonize the importance of the research that 
ir beino conducted.  niierriter, in additon to the ooiernment, haie the rociaa 
rerponribiaitt to brino knowaedoe into rociett. To obtain  out-of-the-boey idear, eiertbodt 
har to be inioaied, eien thouoh there mioht be a hioher rirk arsociated to it.  
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An example 
One eeampae of thir ir the E -project  heaath-i-carey, in which rcience, heaath and burinerr 
come tooether. Aareadt, 30 conrorta haie rtarted, in which eiertbodt har to compat to 
three criteria: 1) Contribute to a roauton to AMR; 2)  eino tranrboundart with regard to 
the Dutch and German border reoionr; 3) Being cross-rectoraa with reoard to rcience, 
burinerr and heaath, ar weaa ar human, animaa and the eniironment.  
Thir wat, an  iniiribaey oaoie ir beino deieaoped; a crème that har an antbacteriaa working 
mechanirm for reieraa hourr. Thir idea orioinated becaure the necerritt of urino oaoier 
(from a htoienic point of iiew) war not perceiied ar paearant bt the end-urerr (un-
perronaa treatment) in home care and nurrert homer.  
 
Technology transfer 
One roae the ooiernment can paat in mt opinion ir rtmuaatno the onooino deieaopmentr. 
 niierriter are aimited in the deieaopino rerearch reruatr further. Thet rimpat do not haie 
the rerourcer to produce and oaobaaat dirtribute a new antbiotc. Aaer the uniierritt, 
there are therefore two optonr: burinerr, or the ooiernment. A more rurtainabae opton 
ir a burinerr, but the ooiernment can deieaop thinor that do not paat a roae rioht now, 
further (romethino the indurtrt normaaat doer not rtep in).  

A ruitabae modea couad therefore be, that the indurtrt at one point taker oier from the 
ooiernment, aaer which thet haie to pat a certain percentaoe back to rociett. We are 
now focured too much on the diiirion between priiate and pubaic monet, but we rhouad 
aook more at rurtainabat or non-rurtainabat aimed. Rerearch rhouad be comino from one 
bio innoiaton fund, which ir beino ruppaemented bt indurtrt, heaath inrurance companier 
and the ooiernment. Thir innoiaton fund rhouad then aaro diiide thir monet. Thir wat, 
businerrer and the ooiernment rhare rocietaa rerponribiaitt.  

Thir broad approach rhouad aaro be reen in the financino in AMR and poaictmakino. The 
differentaton between more fundamentaa (NOW) and appaied (ZonMw), ir aerr conienient 
in thir rubject. In additon, the poaict of the different minirtrier couad be more 
homooenour, ar weaa ar that from for eeampae proiincer and municipaaiter, which now 
aaro haie ooten the rerponribiaitt for heaathcare.  An important arpect of thir ir oood 
knowaedoe dirtributon, ro that there wiaa not be too much of an oieraap in eeecutno 
certain projectr and oood puactcet can be aearned from each other.  
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APPENDIX II.9. INTERVIEW INVESTMENT PROFESSIONAL 
Junior iniertment proferrionaa (arrociate) at an iniertment compant in the medicaa rector.  

25-05-2016 

1.  uofile 
The compant iniertr in the aife rcience rector, in medicaa technoaooier or therapeutcr. 
Thir ir done from a financiaa point of iiew, aathouoh aaa empaoteer and iniertorr haie 
affinitt with the adiancement of care. A difference with a ienture capitaa compant that 
ir part of a pharmaceutcaa compant, ir the fact that thet aaro iniert from a rtrateoic 
point of iiew, wherear we onat want to create iaaue for our rharehoaderr.  
Amono our iniertorr are for eeampae inrurance companier, famiat officer (indiiiduaar or 
famiaier with capitaa) and in the part rometmer penrion fundr. There are mortat peopae 
or companier that feea connected with the rector. Iniertmentr in ienture capitaa oier 
oeneraaat more rirk barino than other ttper of iniertmentr, becaure there ir a more 
concentrated portoaio of companier and deieaopmentr.  

 
2. CoetWdeuatoe wWth ueoaud to We ettseet decWtWoet. 

a.  heue do you oet youu reowledoe from? How do you stay up-to-date? Does this 
tufficeR 
Firrt off, aamort aaa of our empaoteer haie a rcientfic backoround, which retr them 
in the fiead. In additon, we entrurt an eaaborate network of eepertr (ro-caaaed 
opinion aeaderr), which we haie bound to ur. On the one hand, thet can teaa ur 
what ir ooino on, whiae on the other hand thet can adiire ur about there 
deieaopmentr (ir it a oood iniertment for ur?) We haie aaro ertabairhed a name for 
ourreaier in the fiead, which proiider ur with accerr to different peopae, for 
eeampae if we want to be brouoht into contact with romeone bt an eepert. We aaro 
keep up with documentaton, and, becaure we aaro haie a fund that iniertr in 
airted companier, we oet informaton from for eeampae bankr that haie a rerearch 
department in that rector.  Now and then, when we are reaatieat unfamiaiar with a 
rector, we ark an eepert to compare fiie or rie companier for ur, to be abae to 
ertmate which compant ir aeadino in thir fiead.   

b. How do you tee the Weeo atoe chaWe ou pipeline as a whole in general? 
I think a iert oeneraa oieriiew of the chain ir indeed the route from poaict, to 
financino, to academia, to a burinerr to the end-ure.  oweier, there are mant 
iariatonr to thir.  ome companier are for eeampae taken oier aaer a phare I rtudt, 
or it is a spin-out of a biooer pharmaceutcaa compant. Additonaaat, a compant can 
be rtarted with idear that romeone rtaa had (for eeampae from a preiiour 
compant).   

c. Do you ha e a oood  Wew oe the Weeo atoe pWpelWeeR  o whWch extent do you for 
exasple reep We coetact wWth reowledoe WetttutoetR 
We haie a aot of contact with burinerrer, ro more at the end of the innoiaton 
chain. We aaro take to end-urerr, ruch ar doctorr, if we haie to make decirionr 
about iniertmentr. We ured to oo to aaa knowaedoe inrttutonr once eiert three 
monthr, but that doer not happen antmore.  
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We parriieat receiied a aot of proporitonr, and did not necerrariat need to actieat 
rearch for them. Now that we haie more capacitt and monet, we mioht rtart with 
this again.  

d.  hat do you tee at the bWooett puobles We the cuuueet appuoach to de elop eew 
theuapeutctR 
In oeneraa, if there ir a market for it, it wiaa be made. Thir ir not aawatr ratonaa. 
.etyr take diaonortcr for eeampae. It ir iert aooicaa that it needr to be deieaoped 
and ured, eiertbodt wouad aike a perronaa and aroumented treatment, and it can 
for eeampae aead to beter preienton.  oweier, if we receiie a proporiton from a 
diaonortcr compant, there are mant obrtacaer.  
For eeampae, oeneraa practtonerr or horpitaar aack the incentier to but or ure 
them. I think the barriers are therefore somewhat further in the chain, more 
economicaa inrtead of rcientfic.  

e.  hWch coetWdeuatoet do you sare whee We etteo We eew aetbWotct, alteueat et 
or dWaoeottctR  
Eientuaaat, it aawatr comer down to who wiaa ure the product, if it ured in antwat. 
Need ir not necerrariat equaa to the actuaa ure. There aawatr har to be a financiaa 
return. I do ree more proporitonr for antbiotcr aateat, ro matbe the market is 
pickino up. Furthermore, we aook at the reruatr of precainicaa rtudier, and how thet 
are paannino to do their foaaowino rtudier, how the team ir oroanized that ir doino 
the proporiton (do thet for eeampae aareadt haie eeperience commerciaaizino 
productr?).  

f. So, in general, you usually step in late in the process? 
Not necerrariat, rometmer we aaro rtep in when a deieaopment ir rtaa earat in the 
innoiaton chain. We need to haie a aot of trurt in the team then.  
 

3.  hote eext so e Wt WspoutaetR 
a.  ho do you thWer Wt to so e wWth ueoaud to the de elopseet of eew aetbWotct ou 

alteueat etR 
I think the ooiernment, and more rpecificaaat concernino economic incentier. A 
rmaaa incentie can be enouoh, aook for eeampae at the Orphan Druo Act (for 
orphan drugr).  ince thir act har been adopted, mant druor for orphan direarer 
haie been deieaoped. There were rmaaa incentier, but with a aaroe effect.  

b. How do you tee the uole of otheu We the Weeo atoe chaWe (tcWeetttt, S Et, bWo 
pharma, etc.)? 
I beaieie rtronoat in free market procerrer. I think a aot of knowaedoe for the 
deieaopment of new therapeutcr ir aareadt prerent, but companier or peopae are 
not financed. Thir ir due to the fact that there are no financiaa incentier to do ro.  

c. How do you see the role of the oo eueseet We ttsulateo aed ouWdWeo thete 
developments?  
That ir difficuat, on the hand tou haie to choore where to rpend tour monet one, 
whiae on the other hand tou haie no idea if it wiaa actuaaat work.  
 
 

4.  he uole of tyethetc bWolooy 
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a.  eue you fasWlWau wWth tyethetc bWolooy befoue the ttareholdeudWalooue of the 
Ratheeau IetttuteR 
Yer, aathouoh I rtaa think it ir a uncaear definiton. I knew rtnthetc bioaoot 
predominantat in a oeneraa renre, matbe not rpecificaaat aaa the deieaopmentr 
within AMR.  

b.  hWch chaecet aed bauuWeut do you tee (fuos youu peutpect eT fou thete 
developments? 
I did not ree rtnthetc bioaoot ar the mort obiiour porribiaitt from which certain 
deieaopmentr wouad come.  oweier, a aot har oone rioht within thir fiead aateat. 
For ur, chancer are mainat determined bt the actuaa ure of the product bt peopae. 
Thir couad proiide barrierr for rtnbio, aathouoh I think the acceptance of the ure of 
oenetcaaat modified oroanirmr ir much beter, and thir wiaa not be the biooert 
barriers antmore.  
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APPENDIX II.10. INTERVIEW LAURENS LANDEWEERD  
Arrirtant proferror at the Inrttute for  cience Innoiaton and  ociett of the Radboud 
 niierritt of Nijmeoen.         20-05-2016 

1.  uofile 
Studied phiaoropht and compaeted hir PhD at the  niierritt of Deaa (on perronaa identtt 
in reproductie oenetcr).  e concernr himreaf with the ethicaa irruer reoardino the 
dircurrion of new rcientfic deieaopmentr.  e war inioaied in the project  tntEthicr, in 
which the ethics of non-medicaa appaicatonr of rtnthetc bioaoot were dircurred.  e ir 
aaro inioaied in the project  YNENERGENE, which he oot for the uniierritt of Deaa and for 
which he ir aaro a recond promotor of Mat  onck, the PhD rtudent working on this 
project. 

2. EthWcal Wttuet We tyethetc bWolooy 
a.  hWch ethWcal Wttuet aue oeeeually We ol ed We tyethetc bWolooyR 

Thir ir mortat the  rtandardy airt: rafett, a riohteour diiirion of the harmr and 
benefitr and aeoiraaton and patentabiaitt (ro: who har accerr to these 
technoaooier). With the pubaic thir ir for eeampae the naturaanerr of a 
deieaopment, or the moraa iniioaabiaitt of aife. There are oaen irruer that rcientrtr 
are oaen concerned with to a aerrer eetent.  

b. To what extent are these new ethical issues? ‘u weue thete alueady pueteet wWth fou 
exasple   ‘t? 
There irruer were prerent then ar weaa. The empharir now ir mainat on the 
patentabiaitt of rtnthetc bioaoot, which aier on the boundart between dircoierier 
and deieaopmentr. The querton here ir mainat if the patentabiaitt reoimer are rtaa 
appropriate.  houad for eeampae the rtandardized  buiadino baockry become open 
access? In additon, the deieaopmentr are in mt opinion not radicaaat different than 
the thinor that were here before, thet haie buiat on thore deieaopmentr. It jurt 
receiied a different aabea. Thir aaro creater dircurrion about the aabea itreaf.  tnbio 
rcientrtr, in oeneraa, but aaro within AMR, rhouad be carefua not to oet inioaied in 
there probaem dircurrionr too much. 

c. Are these ethical Wttuet dWffeueet fou the ute of tyethetc bWolooy wWthWe the sedWcal 
world? 
Abroauteat. Peopae are oaen critcaa when it comer to rtnbio (or GMOr) in food, but 
in their ure in for eeampae the indurtrt (for makino biofuear for eeampae) it ir oaen 
not an irrue. Thet object eien aerr at their ure in medicaton. I couad imaoine there 
beino a fear aoainrt the ure of for eeampae enoineered bacteria ar a druo. 
Therefore, cainicaa triaar and creatno rafett mechanirmr durino deieaopment 
remain iert important.  
 
 
 
 
 
 
 



P a g e  | 117 
 

 

 
d. Do thete Wttuet dWffeu betweee ceutaWe ououpt wWthWe the Weeo atoe chaWe 

(tcWeetttt, polWcysareut, Weduttuy, eed-users)? 
Yer, ar raid, pubaic ethicaa irruer, ruch ar the naturaanerr of a deieaopment are not 
ar important for rcientrtr. Thet are oaen not iert aware of the rocietaa 
dircurrionr that are prerent. With  ciiiaianry oaen the rame irruer arire 
(manufacturabiaitt of aife, no manipuaaton of nature). Within indurtrt the biooert 
probaem aier in rcientfic communicaton. Thet adapt thir to their ooaa, nameat 
makino monet. With poaictmakerr, tou oaen ree the fact that thet are non-
eepertr.  
 

3.  he Weeo atoe pWpelWee ou chaWe 
a. Is it a problem that policymakers are generally non-experts? 

Ionorance ir onat a probaem when there ir dirtrurt towardr the rcientrtr, 
romethino that ir reen more and more. A rcientrtr now firrt har to proie he ir an 
actuaa eepert.  harino knowaedoe oier the innoiaton pipeaine ar a whoae doer not 
oenerate trurt in mt opinion. You onat baock up the innoiaton chain, decreasing 
rpontaneitt in rerearch. It mioht therefore be oood that the chain ir diiided into 
 ainkry.   

b. Do you thWer Wt Wt a puobles that the oo eueseet ofee outtouucet the thWeot fou 
which knowledge is necessary, for example the division of AMR research funding by 
Zoe wR 
I think the main probaem with that ir that the manaoino of rcientfic fundino ir 
ooino oierboard. Inrttutonr ruch ar NOW or ZonMw feea incained to rertrain from 
taking responsibiaiter, bt creatno aono procedurer, or urino eeternaa eepertr. Not 
onat doer thir cort a aot of (pubaic) monet that couad haie been rpend on rerearch, 
but there criteria ouide the rerearch a aot. Thir ured to be different, but an 
inrttutonaaized dirtrurt har ariren within rcientfic fundino. 

c.  hy Wt the ouWdaece of research such a problem? 
I think ouidino or rteerino rerearch and rerearch reruatr ir a fairttaae. The bert 
innoiatonr orioinated rpontaneourat, or ar a btproduct of rerearch.  t ouidino too 
much, the rpontaneitt and creatiitt of rerearch decainer. It wouad be beter if 
rerearch oroupr conductno AMR rerearch, wouad receiie a biooer mandate, which 
can be rhown bt oiiino more monet to rerearch inrttutonr.  cientrtr can then 
diiide thir monet.  

d. If Wt sWoht be beteu that the Weeo atoe chaWe Wt dW Wded up Weto pautt, what do you 
thWer about ttsulateo the de elopseet of publWc-private partnerships?  
 pon diiidino pubaic monet, there ir a different ttpe of (moraa) dutt, than with 
pubaic monet. Innoiaton router are oaen aed bt weaatht countrier, which ree the 
worad with a Wertern iiew.  pon rpendino pubaic monet, the rocietaa probaemr of 
the aerr weaatht countrier are taken into account. When rpendino priiate monet 
on the other hand, there are oaen no rocietaa ooaar; it ir more about the monet 
that can be made.  
 
 



P a g e  | 118 
 

 

In pubaic-priiate partnerrhipr, thir diiidino aine ir becomino baurrier, it becomer 
aerr obiiour where the moraa duter aie. Thir couad reruat in an increare in the 
foaaowino of priiate ooaar. Thir ir a procerr that needr to be ouarded conrtantat. In 
additon, the  reioautonry oaen arore from pubaic monet, iniertmentr made with 
priiate monet are oaen much more conreriatie.  t rtmuaatno pubaic-priiate 
partnerships, it is promised that the innoiaton procerr wiaa be acceaerated, but I 
doubt that. I think it wiaa be beter to diiide pubaic fundino to rcientrtr with a aaroe 
carte baanche.  
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APPENDIX III – REPORTS ON MEETINGS 
APPENDIX III.1. WORKSHOP: ANTIBIOTIC RESISTANCE AS A SOCIETAL AND 
SCIENTIFIC CHALLENGE: A ROLE FOR SYNTHETIC  IO.OGY? 
On March 23rd and 24th , the Rathenau Inritute oroanized a rtakehoader diaaooue on AMR and 
rtnthetc bioaoot. The Rathenau Inrttute functonr ar the Dutch office for technoaoot 
assessment and rcience rtrtem arrerrment. In thir roae, it contributer to rocietaa debate and 
the formaton of poaitcaa opinion on irruer that reaate to, or are the conrequence of rcientfic 
and technoaooicaa deieaopment. An empharir aier on the ethicaa, rociaa, cuaturaa and aeoaa 
arpectr of there deieaopmentr [231]. Prior to this workrhop, I dircurred the detaiaed content 
of thir workrhop with the Rathenau Inrttute, in reieraa meetnor.  

The workrhop war head ar part of the European  YNENERGENE project, which aimr to 
contribute to Rerponribae Rerearch and Innoiaton (RRI) in rtnthetc bioaoot [232]. The ooaa of 
the workrhop war to oenerate idear about porribae contributonr of rtnbio ar an answer to 
the chaaaenoer pored bt AMR.  

The firrt part of the workrhop war an eepaoraton of porribae watr for roaiino AMR and aaa 
irruer that come aaono with there porribae roautonr.  eieraa  homooenoury oroupr were 
formed ar much ar porribae, bared their eeperience with AMR (for eeampae rcientrtr, or 
poaictmakerr) Neet, coherent  future storiesy were ret up, in which the foaaowino aspects were 
coiered: 

- Framino of the probaem and the current rituaton: own eeperiencer with AMR,  mort 
important factors contributno to AMR, iaauer and interertr that are at rtake.  

- Preferred roautonr/directonr for chanoe: what are the mort important roautonr to thir 
probaem, how do there reaate to the factorr mentoned earaier? 

- Which rtepr are necerrart in order deieaop there roautonr: what knowaedoe, rerourcer 
and circumrtancer are needed? 

Feedback war then oiien to there rtorier bt other oroupr. Thir incauded for eeampae the 
arpectr of their rtort that couad be probaematc from their point of iiew, or the wat there 
storier reaate to other rtorier.  

The recond part of the workrhop war focured more on the roae of rtnthetc bioaoot. The 
rtnbio rcientrtr and iGEM rtudentr oaie a rhort pitch on their rerearch, aaer which 
heterogeneous groups were formed. In these groups, the contributon of rtnthetc bioaoot war 
dircurred to there different future rtorier. The outcome of thir rtakehoader diaaooue wiaa be 
pubairhed bt the Rathenau Inrttute.   
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APPENDIX III.2 MIDTERM MEETING  
On Apria 24, I oroanized a midterm meetno at the RIVM. The ooaa of thir meetno war two-
foad: prerentno the mort important reruatr ro far, and receiiino input for the remainino part of 
mt internrhip.  

I iniited both reieraa peopae from the CIb ar weaa ar from V P, too create a oroup with iariour 
backgrounds and opinions.  

 nta that date, I had mainat focured on the  beta-party of mt internrhip. An eetenriie 
aiterature rtudt and interiiewr with rtnbio rcientrtr had reruated in a airtno of the 
deieaopmentr within rtnbio that couad contribute to AMR. There I prerented, and the q 
feedback that war oiien, heaped me to identft the weak pointr in this part.  

 oweier, I aaro had reieraa interiiewr with other rtakehoaderr and reiiewed AMR poaict 
documents. Thir had aed to reieraa idear about the remainino part of mt internrhip, which 
wouad focur more on the inteoraton of there deieaopmentr with poaict. To create a more 
rtructured approach, feedback and input war arked from the partcipantr of the meetno. Thir 
had aed to the focus on reeino the probaem from a poaict point of iiew, ar where I focured 
unta then on the probaem from a rcientfic point of iiew.  ecaure the RIVM mainat oiier 
adiice towardr different minirtrier, I decided to focus on the roae of the ooiernment towards 
innoiaton in AMR.  

In concaurion, thir meetno har aided me both in improiino the rcientfic part of mt project, ar 
weaa ar the poaict part of mt project and the inteoraton between both. In additon, both 
centerr were prerent for thir meetno, which can aid them in their cooperaton.   



P a g e  | 121 
 

 

APPENDIX III.3. ANTI IOTIC  NOW! SYMPOSIUM 
The Antbiotcr Now!  tmporium war iirited for two rearonr. Firrt, to obtain informaton on 
onooino rerearch within the fiead of antbiotcr and aaternatier to antbiotcr. I found it 
important to know what other deieaopmentr were ooino on, in order to put the deieaopmentr 
within rtnthetc bioaoot in perrpectie.  econd, ar the iiritorr of thir rtmporium wouad be 
mainat rcientrtr inioaied in AMR rerearch, or other rtakehoaderr inioaied in AMR, it proiided 
an eeceaaent opportunitt to obtain their perrpectie on there materr.  

Thir rtmporium war head in Groninoen on the 2nd and 3rd of Mat 2016, oroanized bt the 
 niierritt of Groninoen (R G) and the Rotaa Netheraandr Academt of Arts and Sciences 
(KNAW). Internatonaa eepertr communicated rtate-of-the art rcience from the definiton of 
the probaem throuoh the dircoiert, derion and rtntherir of new antbiotcr ar weaa ar the 
deieaopment of aaternatie approacher. 

The program of the rtmporium (rpeakerr and the rubject of their taak): 

May 2nr, 2016 
Time Speaker Su jeat 
10.30 Orcar Kuiperr (chair) Weacome 
10.40 Edith Schippers Video merraoe on Dutch initatier 
10.45  aaat Daiier A tckino tme bomb: the threat of antmicrobiaa 

resistance.  
1st session: the resistanae pro lem anr ohy ron’t oe have neo rrugs? 
11.15 Dirk  rockmann ( erain) Mearurino the networkr that mater in direare 

dtnamicr. 
11.45 Wiaaem ian  chaick ( trecht) Antbiotc rerirtance and the human microbiome. 
12.15  eike  rötz-Oerterheat 

(Tuebinoen) 
Part and prerent rtrateoier in antbiotc druo 
dircoiert. 

2nd session: Hoo to open up the pipeline 
14.00 Faorir Rutjer (Nijmeoen) Earat rtaoe dircoiert of rmaaa moaecuae antbiotcr. 
14.30 Rainer Fircher (Aachen) Faciaitatno druo deieaopment. 
15.00 Chrirtna Vandenbroucke-

Grauar (Amrterdam) 
Druor and rerirtance: romethino oad and 
something new.  

3rd session: Neo lears from the la  
16.00 Arnoad Drierren (Groninoen) Fiaamentour funoi ar rerource and producton 

hort for bioactie compoundr. 
16.30 Orcar Kuiperr (Groninoen) Noiea antmicrobiaar bt rtnthetc bioaoot. 
17.00 Nathaniaa Martn ( trecht) New antbiotc rtrateoier: taroetno the aipid II 

pathwat from rtart to finirh.  
17.30 Jarper Knoerter (Groninoen)  
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May 3rd, 2016 
Time Speaker Su jeat 
4th session: Neo aanrirates from nature. 
09.00 Anna Vaortad (Zürich) Proteurin peptde naturaa productr, an eepandino 

repertoire of post-tranraatonaa modificatonr. 
09.30 Giaaer ian Wezea (.eiden)  ioaooicaa inriohtr ar barir for the dircoiert of 

noiea antbiotcr. 
10.00  ob  ancock (Vancouier) Aaternatier to antbiotcr- new approaches to 

treatno recaacitrant infectonr.  
5th session: Synthesis anr morifiaaton of ant iotas 
11.00  en Ferinoa (Groninoen) Photopharmacoaoot: aioht on antbiotcr. 
11.30 Faorian Kaorr (Jena) Neoaected bacteria ar proaific rourcer of 

unprecedented antbiotc rcaffoadr. 
12.00 Adri Minnaard (Groninoen) Antbiotcr aoainrt Mycobacterium tuberculosis. 
6th session: Other vieopoints 
13.30  enri Verbruoh (Roterdam) Phaoe therapt, now or neier…? 
14.00 Maite Muniera Perez 

( arceaona) 
Phage-reaated horizontaa tranrfer of rerirtance.  

14.30 Jan ian  ert (Nijmeoen) Noiea approacher to taroeted druo deaiiert. 
7th session: The ohole ahain 
15.30  rruaa Theuretzbacher 

(Vienna) 
New economic modear for antbiotc R&D. 

16.00  hanu  inha (Groninoen) An inteorated iiew of the entre chain for 
deieaopment. 

16.30 Jor ian der Meer (Nijmeoen) Caorino remarkr. 
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APPENDIX IV – QUESTIONNAIRE 
IV.1. QUESTIONNAIRE ON NEW ANTIBIOTICS AND ALTERNATIVES TO ANTIBIOTICS  
 he aWs of the  uettoeeaWue Wt to oatheu the opWeWoe of tcWeetttt (aed otheu ttareholdeutT oe 
the  WabWlWty of the cuuueet de elopseett of eew aetbWotct aed alteueat et to aetbWotct. It Wt 
paut of sy ouaduate ueteauch of the satteu BWosedWcal ScWeecet. Nll Wefousatoe wWll be 
puocetted aeoeysoutly aed coefideetally.  

 

I. A feo  aakgrounr questons: 
  

1. What is your profession? 
 
 

2. In the aase of aonruatng researah yourself, ohat is your area of expertse? 
 
 

3. What ro you aonsirer yourself to  e oith regarr to your knoolerge on revelopments 
oithin the fielr of ant iotas anr alternatves to ant iotas? Please circle your answer.  
 
Novice – Advanced beginner – Competent –  uoficWeet – Expert   

 
 

II. Questons on neo ant iotas anr alternatves 
 

1. Suppose you have a large sum of money to stmulate any revelopment that ooulr 
provire soaiety oith neo ant iotas or an alternatve to ant iotas, ohat ooulr you 
spenr the money on? 
 

 
 

2. What is the reasoning  ehinr this ahoiae? 
 

 
 
 
 
 
 
 
 

 



 
 

 

 
3. Can you areate a top 3 of the follooing revelopments from highest potental (refiner as 

 eing a le to reaah the market the fastest) to looest potental in proviring soaiety oith neo 
ant iotas or alternatves to ant iotas?  
(1 defieed at ha Weo the hWohett poteetal aed   defieed at ha Weo the lowett poteetal. Fill in 1 
to   We the boxet befoue the oW ee optoet.) 

 
Phage therapy: naturaa or enoineered iirurer that atack and kiaa bacteria. 
Lysins: Enztmer that directat and quickat act on bacteria. 
Ant ories: Proteinr that bind to partcuaar bacteria or their productr, rertrictno their abiaitt to 
cause disease. 
Pro iotas: .iiino micro-oroanirmr that preient pathooenic bacteria coaonizino the out. 
Immune stmulaton:  oortr the patentyr naturaa immune rtrtem. 
Peptres: Innate immunitt; bacteriocinr. 
Neo-to-nature moleaules: moaecuaer that do not eeirt in nature (either peptder or rmaaa 
moaecuaer). 
Morifiaatons of eeirtno naturaa compoundr.  
Mining and eepaorino naturaa rourcer. 
Other:…. 
 

4. What, aaaorring to you, iscare the most important aspeat(s) or aonsireratons for  eing a 
revelopment oith the ‘highest potental’? 
 
 

 

5. What is, from a saientfia point of vieo, generally neerer (besides money) in orrer to help 
the revelopments mentoner in questons 1 anr 3?   
 

 cientfic educaton: 

Infrartructure for rerearch (e.o. faciaiter): 

More pubaic-priiate partnerrhipr:  

 impaiftino druo approiaa 

More scientfic cooperaton (networkr) 

Pubaic diaaooue 

Other:… 

 

 

 

 

 

 

 

 

 

 

Not important at all          Very important 

O     O   O         O               O 

O     O   O         O               O 

O     O   O         O               O 

O     O   O         O               O 

O     O   O         O               O 

O     O   O         O               O 

O     O   O         O               O 

 



 
 

 

6.  Whose next move oill  e most important to arvanae revelopments? 
 
 
Goiernment 

 io pharmaceutcaa companier 

 maaa and medium enterprirer ( MEr) 

Knowaedoe inrttutonr 

Iniertment companier 

 Other:… 

 

Do you have any final remarks? 
  

Not important at all           Very 
 

O     O   O         O               O 

O     O   O         O               O 

O     O   O         O               O 

O     O   O         O               O 

O     O   O         O               O 

O     O   O         O               O 
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APPENDIX IV.2. OUTCOME OF THE QUESTIONNAIRE 
To oather the opinion of rcientrtr (and other rtakehoaderr prerent) on the iiabiaitt of the 
current deieaopmentr of new antbiotcr and aaternatier to antbiotcr, a quertonnaire war 
head at the Antbiotcr Now!  tmporium (Appendie III.3). Thir rtmporium war head in 
Groningen on the 2nd and 3rd of Mat 2016, oroanized bt the  niierritt of Groninoen (R G) and 
the Rotaa Netheraandr Academt of Artr and  ciencer (KNAW). Internatonaa eepertr 
communicated state-of-the art rcience from the definiton of the probaem throuoh the 
dircoiert, derion and rtntherir of new antbiotcr ar weaa ar the deieaopment of aaternatie 
approacher. The compaete program can be found in Appendie III.3.  

 

Bacrououed of the pautcWpaett 
Of the 100 quertonnairer that were handed out to the partcipantr of the rtmporium, 60 
were returned. Of there 60 peopae, the majoritt (54 peopae) were academicr, partcipatno in 
rerearch themreaier. Their fiead of eepertre war either (bio) oroanic chemirtrt (42 peopae), or 
microbioaoot (14 peopae).  

When arked about their proferrion, 11 peopae raid to be either a proferror or arrociate 
proferror, and 19 peopae raid to be either a post-doc or PhD student (Fioure 34). From 21 
peopae, no rpecific proferrion couad be deduced from their anrwer, aathouoh it war caear that 
thet were aaa rcientrtr to rome deoree.  

 

FIGURE 34: PROFESSION OF THE PARTICIPANTS OF THE QUESTIONNAIRE (N=60). 

Eien more important war their perceiied competenct with reoard to their knowaedoe on the 
deieaopmentr in new antbiotcr and aaternatier to antbiotcr. Therefore, partcipantr were 
arked to rcore themreaier ar beino either a noiice, an adianced beoinner, competent, 
proficient, or an eepert on thir rubject (Fioure 35).  

11 

19 
3 

21 

6 

Proferror & arrociate proferror Port-doc & PhD

Student  cientirt (unknown deoree)

Various
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FIGURE 25: PERCEIVED COMPETENCY OF PARTICIPANTS WITH REGARD TO THEIR KNOWLEDGE ON THE 
DEVELOPMENTS IN NEW ANTIBIOTICS AND ALTERNATIVES TO ANTIBIOTICS. 
3 peopae perceiied themreaier to be a noiice on thir rubject, 17 peopae ar an adianced 
beoinner, 20 peopae thouoht thet were competent, 8 peopae proficient, and 12 peopae 
perceiied themreaier to be an eepert. To be abae to compare the reruatr obtained in the 
foaaowino quertonr, the reruatr were orouped in equaa oroupr: noiice and adianced beoinner 
(n=20), competent (n=20), and proficient and eepert (n=20).  

 

Results –  oteetal of de elopseett  
Queston 1: Firrt an open querton war arked to determine which deieaopment peopae wouad 
think wouad be the one with the mort potentaa, without definino potentaa and without 
ouidino the querton towardr a rpecific deieaopment: 

“Suppose you have a large sum of money to stimulate any development that would provide 
society with new antibiotics or an alternative to antibiotics, what would you spend the money 
on?” 

Aaa anrwerr iaried oreatat, indicatno that there ir, when openat arked, no one caear 
deieaopment that ir reen ar the one with the hiohert potentaa.  pon cateoorizino of the 
anrwerr, mant peopae (n=13) indicated that thet wouad rpend the monet on the minino/ 
rcreenino for new antbiotcr in nature (Fioure 36). Notewortht ir aaro that 9 peopae wouad 
rpend their monet on improiino rerearch infrartructure, or iarious other non-rcientfic 
mearurer ruch ar informino the pubaic, and iniertno in rmaaa-and medium enterprises that 
wouad brino there deieaopmentr into producton. 
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FIGURE 36: SPENDITURE OF A HYPOTHETICAL SUM OF MONEY ON ANY DEVELOPMENT THAT WOULD PROVIDE 
SOCIETY WITH NEW ANTIBIOTICS OR AN ALTERNATIVE TO ANTIBIOTICS. N=68 (INCLUDING 3 PEOPLE STATING 3 
DIFFERENT DEVELOPMENTS, 10 PEOPLE ANSWERING ‘NEW ANTIBIOTICS’, AND 10 PEOPLE ANSWERING 
‘ALTERNATIVES TO ANTIBIOTICS’).  

In additon, it har to be noted that 20 peopae anrwered the querton with either  new 
antbiotcry(n=10) or  aaternatier to antbiotcry (n=10). Thir ir probabat due to the framino of 
the querton, which couad ruggest a choice between both.  

Queston 2: When arked about the rearonino about their choice for thir querton, aoain the 
anrwerr iaried oreatat. Minino/rcreenino for new antbiotcr in nature war anrwered for 
eeampae bt romeone, becaure  it ir the onat efficient approach ro fary. Another partcipant 
rtated to rpend the monet on the creaton of a dedicated rerearch inrttute (“European 
Centre for Antbiotc Deieaopment.) rather than fundino indiiiduaa rerearch oroupr or ad hoc 
networks. The reasoning behind this answer was the fact that “AMR ir a muatfactoriaa probaem 
that can onat be roaied bt interdircipainart coaaaboratonr.. Within thir aine of rearonino it war 
rtated bt romeone that a whoae new rerearch framework rhouad be deieaoped, which wouad 
be open science based.  
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Queston 3: Neet, partcipantr were arked to create a top 3 of 9 reaected deieaopmentr with 
the hiohert potentaa (and one open opton,  othery) (Fioure 37). 1 defined ar haiino the 
hiohert potentaa, and 3 defined ar haiino the aowert potentaa of the three. There 
deieaopmentr (and definitonr) were reaected bared partat on the report on iacciner and 
aaternatie approacher bt the OyNeiaa Commirrion[98], and the reiiew that har been made in 
thir report.  iohert potentaa war defined here ar beino abae to reach the market the fartert. 
In other wordr, the deieaopment that wouad brino rociett a new product in the tackaino of 
AMR, the fastest.  

The 9 reaected deieaopmentr were: 

1. Phaoe therapt: naturaa or enoineered iirurer that atack and kiaa bacteria. 
2. .trinr: enztmer directat and quickat act on bacteria.  
3. Antbodier: proteinr that bind to partcuaar bacteria or their productr, rertrictno their 

abiaitt to caure direare.  
4. Probiotcr: .iiino micro-oroanirmr that preient pathooenic bacteria coaonizino the out.  
5. Immune rtmuaaton:  oortr the patentyr naturaa immune rtrtem.  
6. Peptder: innate immunitt (bacteriocinr). 
7. New-to-nature moaecuaer: moaecuaer that do not eeirt in nature (either peptder or 

rmaaa moaecuaer). 
8. Modificatonr to eeirtno naturaa compoundr. 
9. Minino and eepaorino naturaa rourcer. 

Opton 10 couad be choren if an anrwer war not mentoned in thir airt. Note: Some 
partcipantr crorred off three deieaopmentr, without a rpecific rankino. In additon, two of 
them crorred off onat two, or ar much ar four optonr. Thir reruated in 29 choicer that were 
orouped into the oroup  unrankedy, for which 1 point per choice war oiien. 

 
FIGURE 37: NUMBER OF TIMES A DEVELOPMENT WAS CHOSEN AS PART OF A TOP 3 OF DEVELOPMENTS WITH THE 
HIGHEST POTENTIAL. A TOTAL OF 209 VOTES WAS CASTED BY 60 PARTICIPANTS.   
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Mort peopae chore makino modificatonr to eeirtno naturaa compoundr to be the 
deieaopment with the hiohert potentaa (33 ioter) (Figure 22). In contrart, few peopae thouoht 
the rame of the ure of atrinr (7 ioter). Onat one perron in the  eepert and proficienty oroup 
chore thir opton (unranked) to be part of hir or herr top 3.   

In additon, onat two  othery anrwerr were oiien. One rtated that a different rerearch 
framework war of importance, the other rerearch on chemicaa ecoaoot and rpecier 
interactonr. The aack of anrwerr within the  othery cateoort ir aaro an indicaton that thir airt ir 
aamort aaa-encompassing.   

Queston 4: Ar the definiton of  potentaay oiien in querton 3 (beino abae to reach the market 
the fartert) ir onat one of the mant definitonr, the partcipantr were arked how thet wouad 
interpret it.  

“ hat, accoudWeo to you, Wt/aue the sott Wspoutaet atpect(tT ou coetWdeuatWoet fou beWeo a 
de elopseet wWth the  hWohett poteetWal’R 

Aoain, the iariett in the answers was big, makino it difficuat to cateoorize them. Mort anrwerr 
focured, not rurpririnoat for rcientrtr, on iariour rcientfic arpectr. The two arpectr that were 
mentoned mort were an eart (hioh)-rcaae producton and aow toeicitt.  

Conclusion 
There ir aitae aoreement on the potentaa of deieaopmentr that wouad aead to new antbiotcr 
or aaternatier.  oweier, when arked on which deieaopmentr peopae wouad rpend a rum of 
monet, 13 of the 60 partcipantr anrwered the minino/rcreenino for new antbiotcr in nature. 
Thir anrwer war aaro choren mant tmer ar part of a top 3 of a number of oiien 
deieaopmentr, aathouoh mant other were ar weaa (a hioh iariett ir aoain reen). 33 of the 60 
partcipantr wouad choore to create modificatonr to eeirtno compoundr ar the deieaopment 
with the hiohert potentaa. .trinr on the other hand, were in totaa onat choren 7 tmer ar part 
of a top 3, indicatno that itr potentaa ir not wideat reen.  oweier, it couad be that a different 
definiton of  potentaay wouad haie aed to different anrwerr. Ar mentoned in querton 4, thir 
couad perhapr be  an eart (hioh)-rcaae productony or  aow toeicitty. 
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Results-  hat Wt eeeded aed who Wt WspoutaetR 
Queston  : To underrtand what AMR rcientrtr perceiied to be mort important to heap there 
deieaopmentr, the foaaowino querton war arked: 

“ hat Wt, fuom a scientific point of view, generally needed (besides money) in order to help the 
developments mentioned in question 1 and question 3?” 

7 optonr were oiien (incaudino one  othery opton), aaer which there optonr had to be rcored 
on a fiie point rcaae, ranoino from  not important at aaay (1) to  iert importanty(5). 
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FIGURE 38: WHAT IS, FROM A SCIENTIFIC POINT OF VIEW, IS GENERALLY PERCEIVED TO BE NEEDED IN ORDER TO 
HELP THE DEVELOPMENTS MENTIONED. RANGE 1-5; 1 BEING NOT IMPORTANT AT ALL, 5 BEING VERY 
IMPORTANT. FROM LEFT TO RIGHT: N=60; N=60; N=56;N=58 
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As can be seen in fioure 38,  rcientfic educatony,  infrartructure for rerearch (e.o. faciaiter)y, 
and  more rcientfic cooperaton (networkr)y were found to be mort important. The amount of 
partcipantr choorino either 4 or 5 for there optonr ir 55, 56 and 53 rerpectieat. Ar aamort aaa 
partcipantr conduct rcientfic rerearch, thir ir quite aooicaa.  More pubaic-priiate partnerrhipry, 
 rimpaiftino druo approiaay, and  pubaic diaaoouey on the other hand, are reen ar important ar 
weaa, but to a aerrer deoree. The amount of partcipantr choorino either 4 or 5 for there 
optonr ir 30, 23 and 35 rerpectieat. No caear difference between competenct oroupr can be 
reen. Other optonr that were reen ar important were  more baric rerearchy,  trurt of fundino 
aoencier and ooiernmentr to ure budoetry  and  coordinaton of rerearch focury.  
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Queston 6: Neet, partcipantr were arked whore neet moie wouad be mort important to 
adiance there deieaopmentr. 6 optonr were oiien (incaudino one  othery opton).  

As can be seen in fioure 39, mant partcipantr ree the neet moie of the ooiernment and 
knowaedoe inrttutonr ar iert important. 55 and 53 partcipantr chore either 4 or 5 for there 
optonr rerpectieat. The roae of the ooiernment howeier, can be manifoad. Not onat can thet 
paat a roae in roaiino reouaatort irruer and financino, but aaro in creatno a beter economic 
modea for antbiotc reimburrement.  
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FIGURE 39: WHOSE MOVE IS PERCEIVED TO BE MOST IMPORTANT IN ADVANCING THESE DEVELOPMENTS? RANGE 1-5; 1 
BEING NOT IMPORTANT AT ALL, 5 BEING VERY IMPORTANT. FROM LEFT TO RIGHT: N=60;N=58;N=59;N=58;N=56. 
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Conclusion 
From a rcientfic point of iiew, AMR rcientrts iaaue interientonr focurino on academia and 
rerearch mort.  cientfic educaton, infrartructure for rerearch and more rcientfic cooperaton 
are perceiied to be mort important in order to heap the deieaopmentr aeadino to new 
antbiotcr and aaternatier.  oweier, the importance of pubaic-priiate partnerrhipr, the 
rimpaificaton of druo approiaa and pubaic diaaooue ir acknowaedoed ar weaa. When arked whore 
neet moie wouad be mort important to adiance there deieaopmentr, the ooiernment and 
knowaedoe inrttutonr receiied the hiohert rcorer.  nfortunateat, due to tme conrtraintr, it 
war not arked what thir neet moie wouad haie to be. For knowaedoe inrttutonr, it couad be 
that more rpecific rerearch and educaton rhouad be focured on the deieaopment of new 
antbiotcr and aaternatier. Goiernmentaa interientonr can incaude addrerrino reouaatort 
issues (ruch ar rimpaiftino druo approiaa or rertrictno antbiotc ure), an increase in research 
fundino, or improiino the economic modea for antbiotc reimbursement.   oweier, addrerrino 
reouaatort irruer that focur on rimpaiftino druo approiaa ir from a rcientfic point of iiew 
oeneraaat not reen ar iert important.  
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